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ViQn'ig bJBSsua 


3_j_iLii_J 1 a_J,UJI J>U. 

il .. a j_i£. jLaJj JjLa <—(_ 5-I i (j~n 3j-j-u-I I 

ijjUaJ! oJjLai (>c. ^LDI jLojlU 

4 t ill I in ^4—1—l-L^-H-J ^aUs 3j^_La_HX I 4-^- \ i 11 V1 S 

SjLflVI jjjs jjliV! I_ y t-L»-J 

(j-3 (j-^J U^l Lr* 6-° 

,j^o 3jLa^U i_yj.ll ol_ilj_Lj>JI (j^oj JjJL>JI 

U^>- Lkjljjl l_!j^>JI L'.t tsl j (jf Lo (jSUj . 
i l~i La <Ljj3jJL 1! jLa£.Vl jjjLSus CjIJlj 

ijl SjjIjJI ^ u « nl-it l (jj» 

4jLlJI jf j-iil ^Lll djjV ^L^Jt.1« 1 _Llj fjuj 
oI (1)^ jLa^-Vl Ij^ iJjiaJlj £jljJ,l ^^LlssLi 
I \1 .^"aVI jjV Ij-Ii-i diljjJj! <La£L»o 
j-Uaj-VI Ci I *Cl <^it' i_!j^>J! Jju Kg 1 a 

♦ « ^j_ujLjJ1^ 

JSIjt o-«0< 

<—lj^>JI t < flf, Lu_ujj 4-lC.jJLlI jL^cVl £JjL* jllA 

*Lb B^cuLla 

^ 41a *L^Vl Juuj Pulkovo Observatory 

4j_t jj r /.Ml ^^Lj-LoJ! Jl ^ jJLI mi a 

jLLaj-d ^_t^l ^y TO . 

J_ufc 3jL5elJLl CjLjVjJI 

. jLojJIj Jlu3^-o (4j-sd200 4jT^_c j, I^qj) 
Ij_&1_>- Hale Telescope, Mt Palomar Observatory 

■ 




pl^gjwJI ■ 09SJI 


4_uI!JI 2LJLUJ1 c-jj^JI c£jjl^ ^1 j^u <j*_£UJ1j *U1*JI JUCloiV 
C< 1 A Ji I <Lcj_uij 4—l^j^qVI 3Jl%HU CjLjVjJI <5i cJJj Juu .. CjIj-L<_o 

Kitt Peak National Observatory... ^ jJI 4-*^ ^JL*JI 

_}L>uVl 4_La Jiu LuLlaj^j tilloiL ^L^TlaVI 
(jrpjjjJI ^j-* Ij-t-ul LuLUj^j £jl (j- 4 cjLV 

(jJLvj liLLLII ^jlJ l_j_o ^JL*JI LuLUj^j cJak jui^ t L j^Lu^HsI 

lLLjLj (JjJ^L>. 4_aLa 4 ojtof, CjIj^I^j LajL^Ic- 
<>> tl jl (jij, <^jtl dJJLaJLj ^L^ILaVI dlte LuLUj^_j Jodrell Bank 

^LLa-Jj-J L-lUs^-A £_C^_tIu_A (-i!l_LAj JlJ Juvjl ^_U J^S-t-ul Cj LcijJ Lb 

. 4_uaI 50 4jT^-c ^ U 4 mi a \j!±jj ? 

t ^HAtl a ,^>1-^. < *.1 aVI i JlA X» il JjjJl (j-aLr^J 

4 j a I f „ 4JLse_a 4jI ^j_a _}Jic ^1 (-<**■ rt/.'Vi I .. 4jaUll CjIjj mi Ul (_yk-J lj Ju>J I 

1 L^_l 3 L-uJ-io^tt-a U^_>. JlJViJ (jl J^jj.1 ^j_a <JjjJ1 ciJJj tjt-A 4 JlC. J-Lt-uI 

$.1 j, < .1 t JljJu>JI dULiJIj 4 _jjj£JI «iijj_uaJl ^ _}Lj_a (jy ^ 3jujL>JI Cjkl r.rt'Al 

,4 h^^LUj CjI JlaLoJlI ^1 Sj r.M.4 4 j o i r. 4HstJ 4j^_teaj CjL^_jVI &JJb CajI^I 

:4j^Lj CjlJiiia_La <j_a <■ «»j n ^LCufeVl I Jufc JlLa 
jJalll Qj ts*t) jj 4_alJi]l t* < 't a lJlSj fji Jlla ^jL-uj^f! : JjVI 

lXSj .. Llr3Ju«j L^l1 mi AJula »1 ^ Mill 4jjJal_a Jjjfcj j-Aj 

J_jJ_9 4_jj^ ^_c >LJ ^uj C-ul^ vl ^ Mill 4lu^lj-oj 4jJla1 nia (j 1 

JlIc I Jlj pie. Jjl ciliaJI ^JLc I JlA 4_5&_uj Lr^ 

^)L^L« ^jl£j VI 3jLt^>. ^-Sj 4jI -Jj V .^jLtujVI 

(JJ MM^j JiLjgJ I I t 4 jj 1 ^ Mill CjLjLj jJI Cu-da^JU l_4^ . • 1 jjLj 

4_SJl^c Jl 1c. a b» 1 \ j^jJI ^L^TlaVI ( j_u_Jj ♦ jjr Ll - u 13-^ (jr^J ^-^1 J 

^JlJJI 4 mi ^JlJIj ^L^ T laVI tiJJjJ !jJj_4lu_ul VI 4 I(jJl>JI 4j^UII 3jLj^j>JI 

.JLujVI £-A LluJ 

(>j^tlj ^ULtil cjr Lc. iZ(-t£o. ^jLujI t-<l jl /yr J ^1 CjL%j| ^j| 

I_lA .4H2_l^>.j 4rtA-uiaJ ^_ualj ^ll<?ll jj^r, jJ (j' 

.. ^1 »>> Atl ^Uk. £~a (j^-tSLkil J-Jr^ ciiljluail ijlS" 

aibjL^J! ijSUJI oL^Vlj ^UIjjJI ^ ^jJ^_l>.VI -sL<ClC.I I_lA ^j-aj 

■ 




cjLjJU-cj al^>l $. \ . 11 jLujI cjLJuc (j-A a-iLsVI cJUj^j 

^L£^l <j_aj j-a-ail <j-aj l-s}Ll1I 3L1^£jL> ^ 

pLII (jjs »Lja.aJl ^tjj (_^Lc pIL>j La Liiajl LlA ^j-aj . 4_aJlL>J,l 4_ol <>iall 

lj_A t _ r ^ 4_ t .JL.aL>. 3jl g mi J-a_5e-J p g is**) £) I (_yIt>-LiJJLdJt pJju (jj af. 

.pLtj| 

jJt >\IjlaJI 4_culjj (jy^ Jl> JlIc V 4jI p L11 4 _*_j_lL> (j_a £)| :ClJLlJIj 

tLa 4_1_j_jJ jj-^-aJ V 4_jl lJ&jj-jlIIj . .^j-^LJI 4 -l l . lI ' j_& ^jJI 

jl L$j$Il>j ^pJl (J^>V1 CjLLllJI Jj-*_a-5 l) 1 tCj f 1 ^ J-*-^ 

U 1 C. 3l_L-->J' p $ a 1 Lu_uL-o! Ij-at p^3 * L<fcjl ^jslj jl L^-la-t^o 

Ci 3 1 Ij 3 JljJu> L^L^T C.i-3zZl2 4ju .1 ?H 43j^_lajj jinii nl cliLstjl £j! La£ 
JjL^VI p_&l ^j-a J_*Jj ♦ 4-ajg a aj 4 jluId (_yi£. ^j-a p-1 alj-tlol 

jj >L^J 1 aLalxIl ^-jLu I Ju&> 'OJ^U (^^-udLjjJ! 3 Jlj Ju>JI 

4 _ t . ua Ljj-11 p-LjfcLa-llj CjVjLlII (j-LajL3r~ t h a 4-tlc. £)l La 

p ^ <1 ^ 1 .4 j 1 » 4 Cj 1 Jl-A Ltfu.aj Ijla ^j_a p^jjJ £_aaelu La_a ^_aJLLa_Laj 

(^■^jLj 1 4 j i^Lj^Jl (j_u_<_uVI^ ^j-uLL^-aJ 1^ plaJI ^^-uj (j^_a jJtluaiJ V ^-st_d 1 I_L& 
p^_j 1 j CjLljI pjLC. jl CjLljV 4_j^_?eIlII^ 3 JukLiu.!'^ 4 _l£ IjJJ Lf*J^LLaU 

.4j^JaJJl 


^Jlc ^_a>J ^Jl 4jal»tlj L^J_a 4jj-Ia-lll 4 CjL_u 1 j jJ 1 aJufc ^J-a> Cj^I Ju9j 
4 j a 1 C. 4_a-La_)I ^Jl p < >■ 3" | J^£La I 4_j_a_L*J 1 CjL uipj-aJ Ij ^jLa_>J 1 ^j_a j- T j-^ 

t4_u^SLIl ^Lj_LaJL l-S^c aLj^ail (j-a Ltiij }Lla^ .. ^j-a ^3 pJ 3 JuJl> 
LtTuJ LiJlIij IjlA - - gt jO Atl Lj^y^t^Jl jjfc Lt> jJ^_l>J 1 jj_a LLuj La^ 

.Cosmology ^1^. p-*-uL l^j-c ^jJI juJl>J1 tiJJLaJl pJL. 
1 L>,.. i a Lajjju 4_Lc. ^Jl3j Llljl> I La ^-l^LslII JuJl>J 1 pLtil Ijafcj 
4_j j_<_ujJl_j_ 3 p ^ »>» ♦ < pLalu&V 3 jLTuJ ciJJ^ ^JjlI t4_uj_»Jl $.1 jj3j LajLl<!uJ 
^ ijr J_a ^jljLj-a j-Aj LiJJLaJl pJLc ^jljLj-a p^LlSLa c-jjjtll (jjJ ljjuj ^j-a- Q 
jJai <bl» L^La ._A .j liLL_4j VI (JjJajj t Cj L> LaJ. I j 4 mi ^jJlj ^jlaj-aJLlL 

.«L^l4 ULc jl LuLj-ta i 1 jla L^ «^r. t£)L_ujV! La> 


■ 



pl^gjwJI ■ ■gn’illg q^SJI 


> 1 * 

(jL_u_iV! £j 9j_a 2 L£JlJ L-kj-*-) (jl 1 nlf. £yUuj JlJ Ju>JI j£LII ^Jlc. p^^ 

. 4_j Q 3 UI I JlA (j-a 

4_i2_J_3_>. P-lO-li 4 TlLuJ (jL_ujVl ^j_Lj_a (( 4 _JLj_u IjJ I 4 _JLj_u LiiuJ I )) 

(j »i a mi II ^>«J JJ*-^ 4«ml <j-a Ij-lLus ljLu_u L£VI j-aVI 

(j-° 3 Jl>.I ^ ^^Jl Lu^se-a ^jjseJJI ^1 <j_u j_^_tHJI ^y-U^L lLILl&j 

. oljLa J-iitJj tfjj-uaj < 1* tsij CjJlx ^\ i «4 (j^ 1-^j V - L La CjIj_>JJ 

^_j_&LLa ^Jiir 1 1 m j ^jJdULl ^ cdM^Mi 4lL_ulj_} (JT b ^jL-ojVl Ju9j 
CjL^L-uIIj ^5c_>iJI p t a! A t' I q Ji_A VI ^JLc. ^Le_<J L^_4 Jl5c_u_u 1^ I ^ ^ 

SjULI SjLJj 4 -uLl^-i5L!'j 4_uLj_u2_!l ^_yAA 4_ujL>Jlj JliSLIIj 

oL^VI 4 _i£jjI ^jJI I U-LJ1 ^ <jl£ La-JjuS dJJLaJI pic. J_<-U JjlJj 
L^- aJiitTu-ul ^HJI 0^_uL*_aj 4-uiojVI ^jL-ujVI a! A ^ \ Q^SLII p^^ <UjL^_a 
. I ^ < ■■ 3 * <L-ul 

^-5C_3fcJ Ll-UJ LLLjjl 4_a-3E_3fc^ ciUi (jy ^ JjJULA ^jL-ajVlj 

CxjI^ I Jl^J Ia-UJ .. 4-uJa j VI 4_ujL>JL 4 j jja till L^ILujLwj ^jlajVI 

.. 1 j oL>.j (jlsjVI 4_b^ ^1 4 -luoLj 4 1 > m ij lLLjjI CjLs 4jLLdL2uj 

^j_a (jj-^-3 £)l Jl_j V 4_jLUa_cV jljJLaL^ L^1 ^jlL_uI (_^l 4 jIjjL£ 

4_aj?tJtJ 4^^1c Ui^ (jf Jl» V A 1 nl LaLlLjI ^^iJI 4 jLLl»j .. C?}-*-a 
L^^*) cP^jVI 4_ujl_5tJ 4 HjIj 4^11 c.U j' jl (j^jVl • •>* 

Jij_»_j La j_j_c. 4_jj_L_J2_a 4Cxjl^ ^lla j_a_3J I ^ L ,,, ^lc, tiJj^o La I lil 
.(4 _u^L>JI l^^Ll^V tiJJij t^j^sjVI 4 -lIc 
4x.JluI iJJlH) O^- 4 ! tl)^ t -^- i Cr^-J 

(jl tilli t- < m <illj (Ji^" < (l ^ (t_sL^JI JLp* 1 a m < nil 

^ 4la^tJ ^ jJI .L_sljJoVI ^1 41 sLjj^j J-a-sej (jl^-t>JI (jjj 

I Jk-jfcj . p U ♦ tl LiUi I ^I n tjr It]| .L* <>>tl j_L_a l^IjJoVI ^1 L>r 

^jl^-pJI Uj .^JaJtil (jjj ^LilLj t^Jajtil 3a 4j>-L_u-a jj-3j 

^_a c-.t-<-uLuJ pL>»tl ^_L_3_a 4j>-L-u.a La-Lu 14_jJjLtl ^jLul t-xJtSLa ^_a c-.«-<-uLuj 
L h^l J^*j^ 4> J J^ II CjLjlj_L5tlI L>i^ (j! (^»JJ^II (1)^ ‘Lfcj-L^S j_Jj_a 


.. 





Jlj) ..3j_jJLt^aJI CjLjI^-, l >JI ^ 

^jjjjlII £$33 (^yQ ^J-3jI 3^-a Q^jJLc 4j_iL*JI £j£. 3j-o 100 4_$js£^«. 

( j_fi <£33? 3j_c l^VT 3j. mit. VI <jJ 4JL>*jt (100 ^1) jLulII 

Ajj-u-uj . 4_!l3j <t*»* <>» C-4->o 4JL*»jI p r»-T< ^j| ^j-4 Jlj I jJ j . jLuJLI 

J ♦ 3 ) J_3I<JI ^_tc JajjLuJai 3_}Lc ^1 httl (jI ciJJIi <icj_<_u 

^i v u^...i^>ji 

^j-A JJsl 4_^e-~v 3_}1_C c_J-3JLs , .< i\7i]\ ^.£>3 lSj-^ ' 4-*^ 4 U3i 

tiJLKi ^L^-iV ^ mi^JI siLstjl ^- -L ^- > . ^1 ^jJI £3.} 4 jjJu9 

^clbtj Q33II 3jLjj * * 3 £)t\j!j»Ju]| 4_tlsLU-4 (jyic. 

LjsL^i lUi <>> jJJJ I Jufcj) 3 JljJlC CjIjILa Sjujux. 4 jj_0 4_lCj1 j_4J 

4JLc 4 i?4 < «ill j_uju cLu Jl_>JI L-xlaJI <jl {jj i <mjJl c m < <itl 4 _L»Jj c_xl3JI ^.Ll 
C-JL3JI (j I I 3 j-« 100 3^ -ilj 3^ cilli . . . (3j-ta^ 

C-JL3JI 3J ljufcj 3juo ^-t.u->JI (jjj l >^3 3^jo 100 L$jse^. jIj jus 

1 ^ ^ ^ 4_gr > <i Wl ^1 £)l 4 _j «U JxS V iU> <>> Clxj 

«Ij-tTu-11 4jtol U a C-<_il^ 

4(^3? ^—LjLj (J 3J9V <j in) jlj. < i <>Lj (JL^ J ll l._LA fjitxaA I3 

Cj'j Ml ->,11 j_<_uj_ 5 (j! t^Lp^Vl *L^lc U 1^>L>. 

^jla-u V ^-> 3 ^ (jLtluJ UiT t_jL^oVl ^jl cilli ..3 jus 4jLo 

1 '%»1^ ^ <> hf, ^JSL l A L 4] (j-u-jJ ^l) L^_l3 ^1 t^r, V Cj'j. Mi^Jlb « «CjIj, mi^JI 
4 3i*w (- i\°\ L 4 ] Jj 3Jl>.1j 4jj£^_x3 ‘Xs^-L^LA ^j-ujJ . (L^ioj J^5CJJ 

33-3_j c> mm ^ liil 1 j^>* 3j-j_j^ Cj'j mi >JI 3j^ (jl l_4^ t4*<3l < fcj V <q c_As 

^ 1 X ^13 ^ U j*LlaJ /y3 L^JIJJLA (jJUii L-t-U-uJ ...^jLcujVI 3 I 3j>J-UI 

SjL^^/Lj L^J Lx_ 4 3j_tiul_L^ 4_5E_4Jij^M ^1 ^^>J 1 z\ ^J 1 Jj-LtfSj 

Q -O Jl-U2IL_uJ ^jLtujVl L^-Lu (/2I ^ 3 ^ 3 X 1 O^T 1 

Jjfc ^JjLJ J^JSC-^Vl 3 • 11 3 < 1 U S.l 3 ^Jl ( 3 ** '**' ' *'^^ 13 ^. ^-Lu 4_U-U-j 

c^l t^." /,.V cjl^-toi^iil 33 ^ ^jLojMJ CujI^ 3 J 3 .4^lk]l &\ jJlII jlu^Jj ^jJ! 

3 ] * I Jufc Ji *3 .3 J 0 .I 3 {^j£ (J^Vl ^ylc, I^ILa3_3_3 j I 

... jcJI 4 jI 3^ I3 43^13 4jL^IbtA3 43 jl «3 4 K 1 ,t\ CjI^^Lc {jja 


" 


pl^gjudl ■ 09SJI 


(jl < <1 1^1 ^use-jv JoLjJjI ^Jlo I JlA Jl3J 

j-^Lli! ^Jl 4 j1ju ^j?c_>JI ^Juuj J^LujVI I JJt ^jlj L^ILujL>»j 

.j_uL*JLlj (j-ajjLiil cjIjjV! ^-Lusj ^-ukLaXI ciJIjjl 

I 4_u^L?eJJ 4-L u La J->* ^j-a-tlo (jlaj^-aJLl ^j-a 4_j! (jl La£ 

tiJLLAj . ♦ ^ \a 4Jb£j jJlLoT ^-5e^>* ciJl_LA (j\ jj'a-U (jj^J 0>Lp«. 

4 j < h <Uj (4Jb^J La-St^*) JlLaVl jjfc (jL-ujVl (jLj si *~r VI J-a^eJ ^(_ «j < n 

, fiLupj^fl 4_ujL5tiI 


4$&Jt (git 

^psjVl ^jJLc La_£ 4 j^_j_>J, 1 ^L)_tii]l ^U1*J1 (j_a 4 Jlc. 

clilli 4_pLa 4_^_Lb_j I JL^_jlL_uLj L^jLuL^ Ju».Jjj J< mi*m L^_ufcL3_a 4_La_a 
(jyle. 4jjJu9j £)L_ujVl <- 11 mLuII ^LlJI ^5C!>JLj . ^.iLc 

2b>_LiJLl *L>*i_n ^ i)Lu^y\ UJjIjuj 3j>U 1 ^ • Wb'^ 

J a t~ mi ) lLUj^j . 4JLaL>. 3_}La 4 j I 4_j ^jJl jJl3JLj 4JLaL>. 

( ^a 4jjL>J 1 jj_aV! <j_a 3l_3lLcu_a t La Lb 41 ^1 3j£L3Jl tCjl^ji mm 

. LlIjj>. 

u ♦ j « U 11 ( j- A L)^ ^JLa-a c_}Lu_uVl 0J14] 4j^_pJ»l ^L^-uiJl C*jl£ lijj 
^ylLll (J.u-luV 1^ ^_uL*J,l l_3^Ll>-V 1 J_>» 4-m-uaj 4-Lt-Lga 4 _u^£JJ aLjj-pJl 
till]} Jijls" < mIj .4^1jjl jl 3a j^_tlalu_aj L^J l^jlr 

4_jj_*_us 4_j%.j Jl_j ^jlj 4_i_*_u£3 1 <>ij 1 4jj jJl ^Ljj_ui]l ^jl Ju V 

.. 4_u^JI 

ttillj 4 JIL 0 I Jl^LlIj 

LjJlIc. ^Ttij ^ < <i4 4 _jLc ^1 < 11 4 Jlcw ^LujI a i.l 

^ jl^ — (^^-t-se-a ^j-ulj3a jjfc ^ jJl a"i ( mi 11 

^-lId ...3jJlU 1 /l» (^j^jJLa 4 jL«) ^10 

j_Ll£ \Ajj-u2> jJj .^_a_3Jl j ^ ^JLc. 1 <1 (q^jJLc 4jLa) 10 JJutil ^j-oAj 

^UkJJl j-la-^ ^ 1 r J_i-sa_3tj LaL^ ((j^- i La 4jLa) JJulII m3 m ^ a 311 

4 JljlII 1 JlA ^ ' ^y-t-u-a-tfuJ 1 ^ 1 /11 ^ t-sa \ ) sj 1 ^^_>» I 3^_o^ . ♦ ^_<_u_a_tfuJ 1 

.. 1_ujl>JL jL>. c_j^£! ( _ r ifcj-4_u^L>.ULl c_xJt_caJl Juu c_jj1_3j La ^1 LtL-ajJ 


14 




1 ' *> < " 3 »<1 j ^ ^ J_A (^jJI j*I^J>«Jl ^y-lc. (J-U^L^C-l cJlil 

J_^-sa_5e_j LoLs (Ij, <? t^> miT.j 4j^Ij 4_aLalj (^l) 23 10 (^£. 

<J_i-sa_5e_j OJjlII jj-oillj ^Lu^-iId tdJj ^j_a Vju jJj .4_l> 0j_a_> 4 jj 1} 4Jh£ ^Lc. 
Luj-us |jl£ ..^1114 Mitt ^Lta-Lll ♦ jjU j-a^ I 4Jb£ (-JjLSj La (_yic 
1 —LTlC. j_a-?e-a 4Jb£ (—jjLjj La ^ ic J ' ^j-a -^^-*-11 <j-u_* 2 _L} IjlA ^jLJI 

.cjIj^>jli ( j-« 

j_a J-^ L l T lj 4-JjJlI! al_jj_j_LJI j-stj 4 _aL>o 1 ^ jr 3 4-<ALgj ajJ.1 Jt^cj IjiSLaj 
JlJ?c_j J ;1 ^ 11 SjiLc Jl^_jlj LI 4_u_uJJIj ijr £ 4_j_ALlLa Jl£j (j.ujjliLa 

4_^aI_L24 ijr&j (J-U-uLS-C J_a J_aLCj 4_Uj£JI aLj-uUI J-5tJ 4 _aL>oI <Ltj .Ltfj 
^.Lj_ui]l (j_4 LiLZuL Lul (jj-t-u-U JliU <j_a ijj *.. 4_a Lit-tlaJ I j j_iSLI! 

(j_A I Jl>- |jJ£ J-lS'l ^-uLlIII ( jr 3 J-JJU ^-LC ^_a_J 4_Uj£JI ssLj-Lflil 4j_}L*JI 
aL^-LoIl ^1- si »>>t 1 $L>oVl ^3 LilZuLi gl a Nl < ^jJl ^j-ul j t? U 

.2L,jJI aLj^JI SLpLtJ! 

0.J-A ^j_II 4_<_u_j_jLLaj 4_a-j-3 ^- u - t -J ^ ts~i a ^j_ojJu ^jJl ^jLiuJ^ 1^ 

JlcL_ aj Vj_3_*_a 1 « L4 ] Jl%j (jI L",, ,,j V i _ JT HJI 4_1 jL^JI Jli^Jlj 

• L$-a^j Lajj-u-ij 

^4_uj_<iaJI 4 < < ntl (jl_j J^-3e_a £)! .. jLuVIj CjI^I < mU j_a| dl-LA 

(jl inW 4 1 > m (IL t-tCj-a j_al 4^LttLa SJlxj ^^,-A 

.. 4_uj_uaJI CjIj_u_uJI (jrU^laJ jj-uL oj CjL^Luj-a La Jilc. Ljj-u j-aVI 

Ct^ 4_jj a a l air . jjjlJL tiiLi ^1 c rt <>>l 

CjIj_u_u (jr ^Hjlj ^aJj ^Ll^ Cj Jl>- Ju 9 ^a^aLal CjJutJ 4 jL£j j_tIsL>Jl C^jJl 

. ..A/It ^_LLa 4 jI t4 _l£ jJLjj La tjjjuli j_A La_sl 4 1 JlC. (j-u^LlJ ^JLu Jl£ 

3^La 4lu_ulj^ ^jLjjjVI 4j>.1 jj 4jjju-!D I (j! cr^c 

«. 4_uLj_LflJl 1 ^ l_3jju ^^yllll 3jLU 

:Cj^Lj CjVLv 3jULl (jl 4 j^L*J 1 aLj^il ^j-a ^al*J ^jLjijVI 

4j^LjlI 1 aLj-tiJI ^alc ( jSLaJ j t 4 _lL^>j (j_j! ji.1 LJLv La-Aj) 4ijL_uj 4 jj1-L 
^1 4^1 1 <1II 4_ujCaJI 4-L<-uJ I j 3 Jl>- IjJl 4 _jjHJ! ^2 jHa jlj,^ 300,000 4-3L<.u.d *jCail j-l<-uj ( I ) 

■■ 
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.. CuMAJI L^jVL>. {JT £i 3jUU «QjIj 4_3t_GoIj ^-ufcLa-a LoLL^cj jj_a 

3_}Lil ^c. Llu LajLliJ cJiiltiej (j^SLII ^s 3_}Lil (jl jl».j ^JL*JI (jSJj 

4j j^r mi a ^£|) c-JLiil ^ jr 3 4_uLILa (j^SLJI CjljLiJL^ . Jl^ju (_^3JI 

...^ nj^♦ 11 cjIjIJlII <j. Jj)i < nl l^jl_i_a L^j)l* 11 (jj£Lj 4_3 e_£uj (Luj_^ 

gLjj j 3 11 J_A aLjj_j_3JI ij? _3 JljJux. J Ml *i ^1 t 3 MI^ U IjlA JlS j 

jJaj .. (^j-jllll jujui jUJI ( yc. SjLlc LajjU! j) Plasma Physics ^LLajjLJI 
4_t*oLifcjj CjL3_ulaIi!l <j_a ^JlC. 4_j-ajjljJI gtaj-LdJI 4 _<_uIjJ (j_a gl aUtl jLsI 

Ijjjla (jajJt (jl j^jJL jjJl>JI (j-aj ^LaJujM c-jjLfcll 4 1 < m?Hj 

<>»♦ 1,1 jjl lj)^ Atl (jjj**ljjj3tl 4_J_Oj jLjJI a Lj_uij| 

(j_a ^ gh»tl 4 _uJL*JIj ^a j^stUI 4 afcn ' 1 11 ^_iC 4 ^jl>JL 4 nit"II 

a 3 , U> 11 Jia ^_o^>o jjn. l_^_Laj ^ajj?cJJLi lL^j_>J, I jj>JLi ^IaTu 

^aj-Sc-LJI <j_a 3jLU c_jLu-ujI 4 1 <>>♦ aj t^j 114 Mill jl) ^LlJlj 4_ujJJI 

( j r h ^ Loal 1 4-n.u.a-tTaJ 1 ^LjjJLj La 4 _uoL%jj ^ 1«>» A11 ^Jj 

3jj^>.jJ,l 3 jLU Cj jLiia_*_a ^j-a IjjSS (jl J^>o JiXljj . 4_j-ajjLxJI ataj-LdJI 
3j - L j -a 4_j_ajjL_j Cj jl <>>»a 1 <-ojI ^ jr A Leal ^ajj^JJI (jru 3 j3I_lLc (jjSLJI gl <.0 4 
jl) jLc. jlJu (^jjj^-tTu-a jl) ^jjG_a jLc. gL3ll!l > << Julc. 4_<-^lit_jj ^LoTLA jU 

C<-g —>0 (_y3JI 4_ulDj-3il ^Lo T lA jU 3 jIjI LlA j_ALLaJLl JlcuI ^j_a » ((JjIa L q 
JijLj jLc jj_a < m j I I j| 4 _j I ^^1 <_ « <^Jlj CjL_uIjJl1! ^JlA ^j^. 

^1 tUt i/iij (jl -ijLjil jLiJI (jl^ jLiu 4_alj 4 JsdL>.I 

(jSLgj dujju>JI Ijuk Ji«j Stage of gravitational collapse ^ju^JI jL^jVI 

.CjI Jj*l\ Jlj^I_L*JI j| 4_u^J5c_lII Cj jlr^rJI ^jj^j 4 jI JlJ (jjSLj (jl 

.. 4_0JJlS 3j^?e_a 3 JjJlx ^aj^>o L^j (jjiLa ^j]\ 4j»j «Utl 4 _jJ_ojlJI L^jI jJ»-T 
J JuaeJLa (j^SJI (jL_J jj_t-saIlJI (_y-^J I 4 _jjju-o ^Jj I «13 / j IjlAj 

c rtjlr. ^pslie^a La ^ 3 41j-j 4 _lLo_*JI 6jJb (jlj .«jlj. a" t mLj ^a ja>o jJ jjj ^ajj>»j 4_j^ 
^a,jj5cJJI 3jLa ^jJ I ^j_a j_& ^aL^JI < (Ttllj I IGLp^l (_Jijjt_aj LjLo^I 

.S?3jujl>JI 

(j^. e^jLl^l t j_a 4_uj_iJI 3JuJl>JI j-ALLJH ^JlA ^ La (jyl^-J 
4_jIj_C ^_aVI Jt-jj-jJ js >-1 1^ </>'<c 1 *j, <>» \ ^j| 1 *jl^ ^aLoTlA jU 3 jLjIj 

. (j < (nULLLa (JLse-a ^1 (jjSLII Laj jLjJI 4JL>. <^^»l J-&J ♦ • I Jlj^ajj 

M 





L^Lj_aLljJjjJu^JI £.Lj^_ui]| JjiJy- £^3 g-j - t T uJ ^1 I JJt 

£—y ^>' »L^-uaJl ijj* j 4Magneto-hydrodynamics 4 j mmULulU 

4_<_uljJ 4_5e_p_j 4 _ljLjJI 4_j_U_*JI <_j^_>JI <..Jk jj)U~Uj IJlj Ju 9 t !j-u£ 
VLlLc j-xl Lsu jJI jm Mitl jjv 4_<_uljJ 4_t-^litjj 4 j*\ 1*4 ^ 

I 4-j jJL^a d ^ 4- <>> tl 4 _jj^LII a|j^>* V! 4_<_ulj4 4 \ t U. jj 

j_5_j L$_k ^jL>. ^ M<^iJ 4 _u_u_lIIj JjL^JI L^jjl>. jJL. 4 4jj).t-<^> 

4_usLife_jj 1 g Ml 3 "i LgjjLa ^1 4 j < n <Uj-3jIjI ja£VI I JlAj-jI 1 ^npU. jLUJ 
...i^^>-1 CjLsLLs 4-uJl>JI 4^UaJI ^ 4^_yJjL>JI jLl^jV! ^ A 

CjjL3tJ La jjj-saj 4 jjjlu-£ 3 ^1 LilSJj ^Jl>JI jLt^jVlj JjL^JI <_jJl>J! I JlAj 
4_jj_£_ 4 Lg-<_uL_ul (J7 -^ SjULI fj I 4jjL*JI ^ta^-LdJI ( jy> ^Jlju i^yeJjS ..djLoll 
CjLjjj^j L^j i31jj (jjQ oj^3 3 ju>.IjJI SjjJI Cjljii 

4—t-lLt-u Cj l_jjI 4iiija 4^1^ CjLj^Th.u-4 L^j i-Lj-ptJj (4-I^xUI 4-uv yc 
CjLjj^P^JVI oJl& ^j!j t(L^C.j_c^e-o 4^».jJ,| 3ljjJI 4 <**- ui JjLiu) t4_L5e_t!lJI 

( jr 3 CjLjjjJi^LlVl £)! i_4^ 4 1-4-5 ila-po 4_cl_4-C- L^jL^J 4-C.j-<_uJ 3ljjJI (J^>- JJuXJ 

.3jjJI ^JLu La ^1 ciili fj nKc. jjJlj La L 4 JL 4 J 4-c.L_oJI 

p fc>* ^ (jl U, ^LudVIj (_pSjVl SjjJl La ^4Jkl (J I ^-LC. 

.. {j-A ljL>* I^J I Mj VI V SjUI j^lj^ 1^4^^ 

jL^jVI CjjLJtJ l_4Jik IjlA j-tij (j\ 1 nlr. 

CjJu>oIj 1 ^Juu C^-LaJukjI 3All 4 jlj_lLs (Jjl < <ntl 

I j ^ c-uLstJ V CjIjJlII c«-<^l j2 l_4^ CjLjjjjj-jJIj CjLjjj^JVI 
4>J_A Jii-4 SjUll (jl (jjjj-uaJu »1 4 I ♦ tl (jI .. 1 <^nI 1 ^ <>>♦ 1 J^l^ 
LajMJI 2UU ^ Vj^jj^ai 43 M 1 JI oVUJI ^>4^1^ v 2UUJ! 

CjI 3/^> ^(jr^ L^lj (iiuJL>. dt£j»C ^ylll 4juIjJI) 

• o-« 

l—J—l J-_>- 3ji_^_Lc 3 j1-4 (J-A 4_3jJl 4 ^4J?CJV (jl jJ_lkL) ^j| 1 '* ^4J 

.SS^jLtlaVl l^VT jt CjLIc Ljjj J-U^j 


'■ 
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.Laj_coj 3j!joJI ^^o-Vla jl . .3 j!joJ! 1 <>*j 1 llILLaj 

Jaoj jl£a SjljoJI 4o«jJ ^j^SLII £j-g 4ju_uLcu CjU.Lt.u-fl Jo*a Lfl-Lu^ 
UjoJ 4 £j_>JI £>£■ 3jU! (_3^j3j <±<-l>. ^j-uL l 3-cj) jiUU j-3-t^JI 4o.jj 

LLaj ^Lj-HI ^j_aAij cjLwjjJI ^Jl J < 

JoJa (jlj Lajjaj Jjuu £)t Laic fU . Lgj^fU. t 3 rf. I «3jLU)) 4 ^jo. 

^ < <hULulU JUJU ^3^3 < c_jjl>JI ^jIi^^jo.V! \ 1 n^i-ll 

« 4 3 j f • 11 3 jUI 4^jo. ^Lao. 

..(jlSJIj ^-<aj)^3<a ^_aJ ^j-o 4 _<_u!jJ 4 \\ t«m Lo LlojI cilLokj 

4-u.ulilj (j_fljJU .. 4J 1 '1 ajqs> a ^j_c. 1 3 \"< •y * jjjSUI 0jo.j £^ojJ| *J 3 * n O ^ 
U$£ JCSj . JoUj <?Ual ^jLtfu^-J \ 7t"l I m flj j-coloj <jOU (JrU jl JlLaI Ill 
9-f^jJUi JSLs * * 4£joJ j ^ylju CjJoJ Ij . . 4 juLlLq Cj I Jo*. | L-t-U^J ^j_A ^1 1 JlA 
J£j . .c]jj*2j ol joJ.1 j-&\ ^1 3jjJI jjUj^oo.(>« ui^ cr^ 
4^^_<_o ^jl ^_UL4J Jj^VI jjfc 4^0. .. 4 jla 4-Loj Ja^cj Cassia 

.« (4_La jll^l * Jo_u) 4Jjo*. djotla U 4-n.allL> 

c-Jill! CjJo. ' JJ^- J-UjJ ^j-fljJI (jl l_3_x^ <_jL£LJI IjlA ^jL3J! 
4_1_3^Lcj ^j-fljJLj 4 1 mi (Uj 4_a^_ uu I LcojI 1 ..?S Jj_<_uVI 

oljj Jlo-Ij Cj Jlo. Cj Jlo- 1 jl jLlaJU Luaj^La <. < < ' Ij» ^ 3j 4£JoJL> 

(jr^l jX\ J^f 6^ lP 3 >* L>^J ‘ lJ Cr^ U^jU j La k ia 

(jrt-JaljJll 4j|j 1)U 411SU ^ elxjlj joJSn <JA\jl\ U-Lu 3j_ 4-C.j-t-uJ 

^j-oSUJIj . (jiifl'i 4 jLj_j V ^1 .41^1 jILc V Jo*. IjJI CjjLstll 

4-C.j-<-uJ ^-Lt-aJ c_x^I^-a U-ATjJ JoUj CJ-3J Cj Jo*. jJ jl ♦ ♦ ^.1^.0 

U_Alj li Sj-u^ 

ilLiu-U (jl lJUUj V La! (j^LI! 4-uiljJ Ll£jUoj ^lil CjIjjjlxoI! 

1)! <-ul mi 11 Jul_jJ 1 1 nif.j * * La jU. ijr A U^ 4j jLs 4_Lau 

JjL-ujJL (L^Jojoa 3^-luUa joJl) 3J JI 4-LO^UfcTu-u! ^-jddL-uJ U_j j_L3j 
Cxxo^ldt CjLl/o^-UI (j- 4 Jii£ (J.O.UU ! 1 nlf. (j! U^ . Ill 4 o*LJlI 

ijr xoLj *La 4 JjU_aj 3^_1uLlU 4J jV! ^JlA Jo. I 

^ 3U <11 J mi! < tr<|| 4 juLL 4J tilljj ^Ijo-VI 4 -lU (jj£a I LI 

.^d<«->ll Ci>j 4 j^1o 4j>.jJ 273-^_Lu (2) 
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. 4_j Ju>-VI V jj JLp- 4J£ I Jufc ^jLj JjLs J j_2j jJsj 

£)lj ^j-Ia_Lll <11 IjLjfc ^_jJI 4 j^j ^LjlII ^j| £)l 1 nlr. <jl j-i£. 

CjcLv *J . . LjJ C_JjJL_o L)J LjjJ^J 4-LU.ujJ 1 ^Jj (Jj-iSJJ (j-G-tlu-Ljl 

^_3c_j <j I J^oi! <j_A ^j-ojJ IjJ 4 4_jJI L-tJbl La 4_5e_t*3 4 _jJjlaJI t_jjL?eILll 

^yxjj L^_la ' ^Lhj V 4_la1*JI 4_lu3^-aJ 1 j ♦. ^-aVI <jLj ajJ.1 

3jjJU>» J_<fcl jlo Cjj-^lo lil jl L$J 4 31 ♦**( A 3j_aL1o ^A-J-4-4J-2j (j-C. Cjj_3tC VI 

3j-<-oL*_a CjL^jI ^j-A ^j-5kj La (jrlc AjJll ^IUj (jI JluU! (j- 4 4_j' 

^JLc ji tiLLaJI) t( jL^ojVI 4 aIVi £. Jjl ((jjSJI) j-a ^jl^I Jj_>. 
juaZuu 4jjIjI dJuij 4 jJl>-j 4"m a & \ ^ jr Lc. jXI (j! 4_4-sDlitJj ...(^jjSJI 

.4^ o^u^ill aULlJI ^1 ^lji 

4_jJ^ 3 ^ jJI ^LaTlaVI ^JL_a-j 4_aJlSJ,I o jl^J LJ}L£L_J ^-Ltiuj 1 3 j_aj 

jJLJI ^La T laVI \jjtj-uj2j LuSLaj Vj «oj^il ^lc cjLtjV 4 _ajla1U JjjJI 

*J^hf^ CT^! 1£3 tP*J (*La ^J-tlojXI (j! JUlX j 

CjLajJLlU jLsc-AjI 4JU Jl^Ij t 4_4-£3lit_J ^a^JI t^JL*JI £)l L-h-u^ I £)| c_^>»!j 
I 4_rvj JlJ JlLLij 3j—l_l£~ 4_j2.^_<_uj Cj J_>o 4_j_a 1*JI (—3j-tTuSLl! <jI ^Jjlaj 

4 j a I ♦ II Jpl 3*»J1 (j-A 4_j^ ^^_jil jJu-aj (^jJt <-jL£LJI (jI tk'a-lj ^aUU ^TlJLI 

4j aIt. ^Lajv t mi^j ^ a! til O-se-lII (j! jjfc t_ « i miIIj . 4_A_tii^ ^aj La- 4 J^l 

\-4lc. jjj LI 3 j_jL»_a 4>j_a LjLp-!j 2^ 1 jU>11 l-jL(SL!I jIjlcI aLu! 

^JLc^L^^I 1^^ J^L> IjJj.^l^JI^ 

* (yCtlxjj ^j_A ji^l 4Hc. LlLd ^.Ic. ^ t/> & 
J_£ ( _ ;r -A (jj^-3 V c_jLiSLII I juk ^ cjLajJjlXL^- IjjU"! a ^JL*JI Uj 

.c_jL^]I ^—lLs ^aIaJI 4JI J-t-aj La js >*T ( _ ;r A La-jIj 4_a_j^>JI 
jL?c_a_jI ^j_a 4JL>JI ^a^LlII <J^ Lt *tilioJI 

JuJl>JI ^JLjlII IjlA {jJZ Ij-u^ l<0^ 0^ 4JL>JI 4 >JlA 3Jl>. CjLajJjlXI 

I ^jl^ Jj /1 1 ^jSLaI ^1 CjLajJLlXI ^lr. 4 -u-la 4-uJaLjj ^jLaj (j-A ^ ,,, ^ 

4-j-jl <>i 4 4_Lvj Cr-^J * LjLj_2w! 3 j-cuLi_a J_LC JjijXajj Jljjlj (j_A (jjSLII 
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^ LujOV JjsVl ^yJLc JjLJU La I JlA £yC. CjLajJLjlII qj* aLaIxII t 3 MI^J 

.4_La aj»>J jl 43 -Lal (^Jill (_j_odLjjJI 

l_jLl£]l I JlA ^-}JlAJ ^1 Lut^Jj LLaLaIaI jljLb Ij_£La £j. U2> ji .1 (jL^ 

. £)j£LII ^aIc jl lLLLaJI ^aIc (j\ 1 <^Tt -vi.I LlcoJ . .4_aj»*JI a!jj3 ^1 

(^-a-uaj lJZjjj jl 1 t nVI 4 _I<Jlj ^jJI j^uSUI Jl^j>JIj Jj ui I (jl L-av Ij 
I c, oj \ ts\ ) j j ui I (j I i-iov 1 La* t( j^*JI ^aJLc ( jr 3 4lajL>JI CjLstjV! ^_jtlt3 
La* LaJlj_*_j^ a Lulu I ( jr 3 j-±£- I CL* La Ij,u*-3 ... ^ajv^jj C.J* li ^ T utj v ij-A 
dlj J* J^LL (jl*J . . I ^ j A Cj|^_UU 4 _La ( ,IU1 I Julj CmIL» 

4_j_cj-Cs j_aj 3j*LaII (jiu-SLaj 4 j l^J ^-tseTu V aLaJjlII CjI 3 i^t) LlLsCla Ijj_uoj 
.3a La 4 j a 1C £*j^a Juiill (J-uLaj 4 _}ja>a j 
.. 4 g i mi Vj ^La* ^^.cJa V ljufc Lji^jv Lai J*jl (jl ^jvjl LaLLLj 
La <Jjvj . LjJLv L^jv^Laol llx.L.u jj ^j_a_jJ 3j_u* c-JHa i4_A Jl3j ^j^jj-4_j£ j 
£-j_ao j_aj ^jUJI JlIc. ^LaTlaVI J_u3 4_a Jlaj <_jL*JI I Jab Q^*j (jl 4_au_a 

.^LjlLoJlI 4JL]!j .. LgJ* 3LpJI HA) 4s}Lc ^La 


..^jaseJJI (j_A 4 JLjLa j|jiC.I 4_t^ . .^£Jal j-5tJ ...(jj*JI 

..^*1^*% 

.. Ji^LLj ..<J}L>. Mill 4 £-jjlu 4 J L^uiaAJ 

...jj t^>UI ^_tc ^aJL»JI Ijla ^1 J^xjlI! ^j-a ^jSLaILj 

. .(J_l 2 ^j_A 4^J_aaj ^aJ La .. ^-<-uTa ^To- LJjJlc. (jl c_x^tJ 
...4 jj1 a 1 nil ^Ijl>.VI ^j-a 4cj-llaj 4_jJLo* CjLcj^jsc-a ..41jLa ^Ijicl 
..4 _jj^SLII 4aIjJ ill 4 ] V £*L_ujI 

..4_aasjVl La Lav LjJ 4£jJl_l,l CjL^LoJLI^ Cj Lc^-<-aJ I ^_<_u_a t_a^a 

^j-uLlaJ CjI Jl>.j^ .. L 4 K lajUc Lj Laij-u_uj .. I-Laljla ^ 3L ^jl LLlIc, 

4Cj^t-aJI 

..(j^JI j-aC J-Aj ..^Lc (J^La a^^?T 3j miC 4l^Ja 

.8 




.. (j I .. 4 jL^j^UI j£> Ljj 

^.u-4-tIuJl ^LjlAj JLuj (jl LjjL£^V ^-4-<-uJ (jl 1 nif. 
..JLlcVI ^j -0 [1c. JlAJj . . LLc ^>«J £. J) (S~I) j! 

. . 4ijl_^]| f.J '>*11 \c.JuLU J (j! LjjlS^I 

4 ♦ \ «~ (^jJI ^JlU J<*V<t *.J^IU nj .. j-^Uujj j! 1 gjif. 

♦. (J-j^ ^ya 4jytfu_JI 

Ijl_u JljJu£. LuU .. ^jJl>. Mj 3Ik M (jl UJLpJ .. i_LljJL*J 1 ?**■ 4 I (I UU 

<Ltic ^jJLLaj ^jJt . ^JL < m^JLI Mill *y>J 

♦, (jla> ya- * JI 3 jLLl 9 ^_ ;r ic lJ&jju CjU-Kj Ug <;4 

^j^?e_Lll (j^_J 4_$_jL& ^jJLjlIj .. J j) ^ oil Cj'j j mi<?1 ^ UL>0 U$-<aj 

..4Hc.4_da£. ♦ ♦ jltlJL 1 $. Cj_>iJ _iJ ljUj ljuk J* 

♦» »1 4 Mill ^JJ j-LL^j UK -. tVl SjjLoii ^jUujVI j-jJaJtjj 

..J-gISJJlI < mm!Ij j*Uai]l UUjJ . .£)UjJj mi-v- UU-J ^ \ i in t njj 

. .3jJL>» 4_KU-j ..3 jJj LuJj 1 ^^yJI j 
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itfU dtlji 

Ujl i/i 1 1 jjJl>. djj La <^1 jH«j (j_j£Lll 3 Lak (jl 

4-jj M i jt l ^j_> 13 jjf u^- t^juui c»U m L^jIjls.1 -‘j 

5j J <■—1 °l *Llfcj-l (jjj Lit JJlcJ La < __yJLd- 

CjI Jl^-" ( nV ^ jl£L V (j^ajJI (j_u_ulJLa jys 

. 3jJL>JI 3 i^iitl tiilj f_^S Jo^eJLa j_uu |_£l 

jlj_<-uVLi cj^j-La Ji>. Cosmology (jj-SJ! 

(j-o <tl£ J a miJ (JLa-o jjfcj i3 i>ialJ»Jl 

( _ r 3 J i n"t Olljc>J.I (>jjLl (ji>- 

j f. (_£l (_^3 JUJjeill «L>.J (_yi£. i^jjj LucJj 

idJLLaJl *Jjlj jiLtlaV! 3j|jiJ Oul^ i^jjllll (jjs 
^uJUilt (jLcujVI ^JLLaj LaJ-^. Ccjl£ 3j| JlJI tiilj JjlIj 
<L jj3lj_jj |_£^J La (JjaGj I JLij 4 miAJLi jLcl cl a Mill (_jJI 
tjl£ .3 jL&JI (jLcLVI <jl JA9^ ^ 

(jl t3jjl a M i l l ^al^c>-VI (_y^ cLa-i-uVI ^iLal JL9 

( j_ u _a_cail 1 ^ A , ,.j jj >I (jLa-iVI aLc,jj cJsjjlj 

.j_a-3Jlj 

jjUl (_^±3 la^jjjs jjl^ lillill jai^. (jl lLLIi Vj 
cLaJLSj (j_jjLLJI 4^p La till jj Jg iL (ja ii .ill i_3VLi 

cLcSJLa Ci I -a-1 ii jl!iT (j-a ^a-AjJ£.J (j’Uj-Lsal.l 


25 




plAgjuJI i—jgiLjJIg Q9SJI 


|<WH^ * 4_0_l£ jJI 4_x5LLljl £j_ 4 ^_uLt_u I ^yic, La jLLLiuJ ^4J j! t4-Luua 

^jJI cJSjJl Ijjiiejlj 4 j^Lj 4_i£.Ij^JI ^ '« - 4 L 4 JJ 1 H 1 

lilLJ 4 jI Jlj 4 I 4 < nil 3^-^* (jy^ £r\-*_4 (jr^ 4_ul_4-dl ^>«J 4 _l 3 (jjSLj 

J * C-<-9j C-jljJLdl ciLlj < jr _L*_4 I JlA LcJlIa^ »4 (Mill 

jljL*_4 L^JUwIjlj 1j_4_jJLJ c^tj ^1 IjJ l^c L*£ iJ-uJI 

(j <14 mi11 ^1 »Lu c Uj A , X tcLiSLl^ LLajjj-ti/ L^lbe_jj L^jjLax. IjJl%jI (^^ljL4j 
4 < < «fl ( j- 4 (_ r ^ (j-UL4 ^>«J j| t3^ Jl3fc_4 CjLSjl (jr b 4_$_l_>. 

.3j_l 11I < 33<„ ^ 3^a J}L>. 

(jr-Aj Zodiac 4_4_LaJ_4 ^_j_jl!j 4_L^£LH ^La jj j_l 4 j 

«^-L<-uJ)) j^Jlj t LcjI -i t— J^ij ^OA-dA I 4_t^ ^ jJI JLLJ! 

IjlAj tEcliptic ^ 4 <<■ j »L -L Lr lc J^LLaJJI 1 j_a < ^ 

Signs of Zodiac \->-j-} j-Al£. ( _ r j3l ^ < «3 jj 4 I 4 < «ti J^>. cJilL 3 LU-LJI 

. ^4-oe-uJ I (j-C. 4JLu j 4^_»_4 L^jju 

^_la_4ai_4 (jl OjJ^ ^ 4JL>.j l_4-t^ BLcjJI L 4 I 

4 I 4j < \l3ll 4 _l3JI jl 3^ ^g<ojjj Lcl 4tjj<_yfcLuj 

Cj jiitjl Jl3 ^^atlll (J-AAJ CjLcj_4-5c-« V 4 Cjjj-ud Ju9j . 

jjJlj £)? tjfjj 1 1 *jlv 4 4 _ 4 Lc! ^j2j ^jJI^ Bootes JSLi> 

J^VI 1 4^.L_u £jju ^Ju 4 Polaris ^ ^tl 

c_-t^lL 4 I..<_j^Jl!! c_-<- Lt j »L 4 - 4 .aH ^)_c Orion 

4JIj^v. LcLlC I Cxjl^ Jl a£-CU £jJI till!} 4 ^^jl4 OjI^ n 4 ~>iJi 3jl j < «H 

. JL>- i _ r iiL C.<_ p J 3jJ_<-0 L$] ^J-Ujjj 4^JJ?e_Lll ^jrU L_ljLJ 

CjjI tdJJLaJI L_<r£ 1 $ '1 4 j CjJl3^ 4 L 4 Jl3JI c_<r^ (j' c_*Jj 

.^-lLsL-uVIj cjLI£L>JI LlJI ^4-AjISL^I 

LaJil^ tiJLIi Lclj t(^ U 1 <i^JU) ^ 4 Mil,I (j-uj_ 4 -dlaj c_jL^ LLlIJ cJL-oj 

. a j A , „1 Atl ^jjJo^L^i sdji J ^oJ 1 U.J t-> < ,.J I 4-C. J-LJJ J-4 

^LLc. 1 j_4-lSo ^jjjJI a A, ,,\1 All ^j_a ^j_4 Jj|j| ^j_4 ^j-u-jJLLs j_lLjuj 

a _i^L_jJLt 585 ^Lc CjJl>. (^JlII <I 4 Mill j) < nK) J-i-lJI <- < < « n 4 jJIj ttiliaJI 

jj-4 Ujj>. Angular Diameter (^jljJI jm mi tl (j-ulja i L^ 

Lgf J-J-JI {y> 4 Crp-^ 
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4_u2_J! 4_u^c jlc.1 i M^-jjul gj i ,.<L1 cL>.j 

(1 ^ 3l-v. Oil jLlII 1 ^ '< a i^j3 c_jj_3j 4_l 3 LiLt^a Lg-iu.^. LaI^j ^jl£Lb 
-^j-u-JUaj U ( mj! Jjla-La (jr^ q hq L^j| ^^IjJLI 

^j-u-^-tTuJJ ^_$_3JI ^jl . VI CjLuI A^ j_L V-3 I Jj q \" 

Jlalij 4 L P»jVI Jli ^c. ^jL cilli *i_u ^^liiVLs 4 Ly l£JI <-aj mi->JI jlc. 
jSLrJl cislli £pl tjjui! £-ua j_a Lc^-« 3j-j JlTu-u.^ 4^l_>. L^jIj 

L^j I (^t j,jjLu.u.U 

oL£ ^-^-s-j-aLLa jj-L^j £)l Vi 4 L^juIj3j jii^ miUj (Jj^-cVI »1 gif. ^ILaIj 

Ju3j ^j^VI LLd Juj3 ^jJseJJ! ' (JI ^ j7 £-j2u-u\ JL9j 4 1_LlLlj 

4_Iu_u ^1 ^La Ij) g < n^lj . L3 _l9_} 1 <7 oJJb Ij^Lusj 

Cjllij JjVI jJlJLII ^a gl g mi II jil * tMagnitudes jljual 

jjl^ji oLij ^j-c. 4:La jjlj <_piij ^llii jjlsji ^a <u< njiqi gin 
±\S3 V ^ylLlI j^still CuJuuaj JjJl>JI <jj4 ji»-Vl <_3jJaJI tdJl!i]| 
.(j-t/jLiuii! 3j^j>ai <>*jL 

4_iL*a ^ i c. \j^s j-^- j - t -j v t4_jj mi «n (>l*ji oijj i_4^ t^tiii jU (ji 
(>Jtl] 4 -l<-u-LIL ^j?c_LII (jLa jl JuLaj t Lie. ^ JlJU ^ylc J_gTuu Lo j jJLi ( j r 4Lj_3_>JI 
^jJI (jl ♦ 4 HI jLiTlcVI IxivLj IjlAj h£j Alt^tl jJlUL u 4 (Mj 3j5j^>ai 
- ^ 4_jl_a ^j-a-iij <L> ^_5 e_lII 4_lIc. ^ ^L>j 

dh 0 (J^Lai 150 ^Lc) (ju^^jLu-A V! 

1000 (j^o j-jl^I ^ c hns~) a t^jJJtlil 4jj_ALtai jl JlsVI > k 3" (JjL>. 

jl jJaVl jj »l J ^ JL^OJ JjV I ^Q_>0 ^_IV ^j-o3^-J LlJ-A JtifcjJ i ^_>o 

j_jL>.^l ^_j ^H_>. 41 juL_o ^jLt-OJI ^j < n 3 ) fU^J! I j-£t> ^_o_iL_ uJ I j jl3JI 

^SLaTt-J t4j < nl < m>JI 3JuJulo 4 _l£Ij-c^ 3I jiVlj I Jl>. 4jj_ 3JI a jO 311 j.jhllU 
^>uJ CjJ}J>* I (J_U£3J LjJ) 3-%- jiiS"! L^l ^j_C »1 ^1 t II 

♦ < ^ | *llj diJLl]l jjlIII ^1 

j_u_u^£LI p^ ^ 4Jjl_5t-o ^L^-<_u-U 1 3jj) </*> g.1 ^ir. LJ^jI 

^ ^ I 3 tl L^JL^I t3jj_uaJI 4?Ju^ Cj-3t_uDjtj 4 jj1 4 < till CjI£^j>o 

^jl tPtolemaic ^ - j ^^Ltaj I^4140 4_u_u) ^ 

4 3u\ 3 ♦ a oljL_u-« ^IojVI (J^^* jij jlj 3jLl4.o]I IjSLIIj j <; 4?tl^ ^j_4i_4-tiaJI 
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. ^j_ajJI ^j_a Ujj9 I 6 3 JljL_u 4jjJa_L!l 4 >JlA cJLLdj £)^£LJI Lr^ ^jV! 0I5 
Ij^C La L$JL£ 4-jjl a Mill ^l^_».VI cil^sejj ^yu j_a-AL_j ^Ltaj 
ciJj-5eI(j (^jJI jJI cillaJI ^ jr A 3 j-l»-<^> 3j-jL ciJ^-Sfc3j ^Lla jtJjJ.1 

3j-a jjJu 4_u_u J^JlLcuJ jljLa Liajl Oj£>j-a 

Lai (J^>* (j, < fH^jJI jljiil jjJoJ Lajj 687 j t^j! jJI tiliaJI 

(JSLtluJ (j l£j^fcTu-9 -(j. u-a-tTui 1J £j\j La (jLlb! jil (jL^tl- \jl 

^ysj^\ ijy .j ^ ^-ujj-a < to V. ^ i r. ^a-jLa 1 a ^ r a JSLI jJI dJJLaJI ^^j_a-3 

4-L-4J 0-^ J^l ^ tiULi]l jjJj La^la J£j 4 < j-a * -ia]lj 

La J_c£. 4 j mi^ f. £)Lf?g£LJ! IjL^Jj 1 j 3l^- a I^3-11 *j ^G£^_>JI 

.^jVl <j-« La^J V>91 ^ (jLj£j 

^L>ol La-jJ 13j-L».ua 4 j^jL lLI^LsI (ji^-^Tu^ j^a-3Jlj ^j-u-a-tToJI Lai 

1—l-LTlj £)| (j-»J) ajlt*nt ^£Lal ^LLaJJI Iji^jj ‘L^i^ L-t^IjSLII CjLaL>«jV ^j-u^LaLa 
c-c^LjjI 4_l£Jj taj j 1^ 4_^ Jl_j 4jj1 a < *1 tl ^Ijl».VIj c-x^IjSLII £jIolj_aJ 

.^j^SU! ^^-a (jr A (j! 4 _cIdI^IL 3L I L>^v. 

jL-fi3jl ttiJJLaJI ^JL. 4 a fcu ? a CjL_u1j_} 4.lL&L>J ' c_jj-C ^jJ ^a-J 
V CjjI^ ^UlJI I Jufe A^jLajIt a £)l Jj t4_j-al*JI 3j-^>.V! (j_uL_u I 4_u_i_a 

4>L>ul JujLStllJ a Ij_a- <<-~i II ( jy _3 ^j_se_(JL jLoijJLjjVI 

4_31_j_lL ^Jl 4 ^LusVL IjlA 4 L^JLbL%_a tiJ^L^JLI ts^j^u Usgd» ^Jbj-u-u 

tjL*_al La-a 4 J_A]I ^ ^aLiiw ^Laf aiLkll ^ ^jLo- 

.4-tjLajil ^j,» miU^ L 4J al a Mil jLllvIj ^ajIjJ! j, ?TI 

j-utTJI ciiij 4_ «j < ti i ^^aLlLjV LJl>- 4jj 1 a < nil ^-a-3il 

4jl 9I j-a 4 mi <^jJI jLl 4_j I La£ 43jLjJlj ^jl t^t 3 ill (j_a 4^>.jl <<\ tV< '1 11 

C)U 4_uLaJ ^14<JjVI 4^l£La ^1 4 jJij^j ^jse-lII £yl j al a > <<t' 

. 4_LaL£ 4-jjLa-t-u 3^j|j L^_l£ £_Ll3j Lajj 

4 La mi4 miT.j 4_uLaJ ^1 3j-jI jJI t-HJj 4_tLfcL>JI (-JjjlII ^ ujj & J^j 
34$ .. ^u-o3 u°! Jj-aljJL! j-^Iaj Lx^ jf ^Lsl^ Lsjj L^la ^ JjcJ 

4-^ i.*ijj alt 4jj_Lo ^1 L>^ ' J~^' 1 "^W ^-“1 I J-A (_y3 
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JjLlo) ^4 -<-ul < tl^Vl eiJJj Ij AlUl | jjj /^1 t <^\\ 

ol^ciUi Juuj i^MuiVIJLi£. c£lLoJI JUJk 
(j-a j-^l ^-5>L>JI ^jLcj Ct-uTuj 3 juJl>JI CjL>»^TlAJJ j_4 £.LiL>JI ^UaaI 

fj I C. j * 1 cdJj £)l VI ^^LtiL LaL^Tufel ^Jul ^6 1 ^*.* j)^ o^j 4 cu^ 
(^\_ujjLjl1I 4j'Ju Jll4J . 4jj_aVI 4_!j jJI ^Lj| Cj Juv l_4^ ^4-uae-uJ1 j <__<_LaJ! 
^Jl 3jJLl' d >>»£ <11 ciJJj Cul£j *4 J 4 UH lujulII 4_tAa^j (J-^Liu jj-Laj I Ju 

4uullLa ( jr 3 c-tclj ijr Lc t4_jJjJ 4 -l^-Ic. 4ul! 4_ujulII 4ul 1]' Cu^-t-uaf £)l 4u*.j j 
^4-5u>JI ^ LoJlulS . L^jLSjIj \f, i <djJ 4-L4-UJ' CjUtjVlj Cjljjlalll CjJuU 

^1 ^->JI j-Z-a <J-2-u l )I l^Ij 775-754) jj_ua_<J,l ^jI 4_o_iL>J! 

jJbj_4 <jUjJ jLl>>L^ tCjlj-oJI jl^Vl 4 _uJl^ ^^4* 2juJl>. 4-*-^!^ 

l_j>LU 4_jJj ^ » mi j ^ 4 If. Juu L^_lS c>*> «<^>I ^1 jl Juu 4 -uJl4 

.Zj*jA\ 

4 l_Li ^-11 < ~« A ~ 11 4 (4J 4_o. j ^LlII ^use-JuTa jj_uaJjJ 4m_d_>J' < -£j-£- J^3 J 

4_jJI c« I 1_^_4 SjLisVI j) a ll1J5 ^1 ^J—L_t—<- uJI ^jl£j 4JLoL<iu 4j 4 If. 4_Ju^j 

ljJu».| (j-^^l »l 4 I ♦ II (j-A Ij-JL-L^ IjjLC 4 JJUV ^4_5tS t^JL^Vl OljL^JI 
^j-4 (jL£j t4 J 4 1 * I' 4- U -L > »VI £UwljJ,l (j-4 ^Jjj| C-<U>U jJL l_4 J£ ^J_4JWjI<J 
Juu I_ 4 u 3 ujjulII 4_3ju*. (c2uLaJu_u]J) 4 4 mi' dJJLaJI iJ ^i ^Ll> L^xuAl 

^_ 1 _C. ^ 1 ' '< < 1 — l.u '^_i_l i 4 _U_ 4_>.^_3 (T 1 4 ^ ( 2)1 JUU ^ 1 «>»% 1 ^£jJt t ( JllA >_LI.<-ll 1 I) ^Jl 

*0-4pl U-° L)J^ J-La cujulII lLLLUI ^ 1 41r. 4jJlA 

CjLUJ-4 4 III 4^ 4 Aj A^>J' j_A Jj : I Jl^Ij LjL£ (J-ojJ (juAJluxJI) j 
^jjjJI UJjJlII 4 I 4 UII (J-AJ ‘ JlI^JI cilLaJI 4 I 4 !^. L-U^ 1-4 (J^ljl (j-4 4 \ A / a 
(^jJI (^jlj-aJI ^4 j a! jul ttiULflJI ^JLau Ij-4HaIj (jlLA JlujJI) 4_4^*^uJ Ij-cLa 
4 I 4 » ~ mi j t j 1 $ y Jjl A4 3 j^s.Lj 4jI_L*JI ^Jl LJ^j I 4_>ul 

•.(jxsj-jull tU -%.j Cx_9jJI ^lu-LILtxjV c-t^IjSLIIj ^^jsc-LII ^Lajjl JuJirtlLl C_jj-*JI 

(^J_4UlJI) l_ jLI^ 1 ^ *) A I d 1 C 1 4 l " \ 1 AI ^_4 A If 1 <**iC cuV ^ t*s . .. V1 ^ ^ . .■ ^ 

L^jI (j’^jlj-ll O'**? 1 ^ ^ i(*-jVjJa-u<yi) 4 ^ K J - (^k> ■ »t t-jVj-IajjjVlj 
4 _uLjjj <UK l^l i (‘“r 3 ^ 4 j1j-^»I) 4_u_lijLAJI 4 4 KH (j^ 25^>.L4 

.^J^SE-lII ^-LLL4 Jjfc (_^-t-*-llj * (ujj!j k ‘ “l) L^JLual 

jJLUl 4 J 4 I r, 4_L4Jjl^l ^L^juI jIjJu ^ 4-1 4 Ajl -AsJI Jl^c ^ 3j 
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I j-A jjc. Ju9j lC^jJI dll j ^ (jr ^Ut l (J-U.UJ (^yic <jj Jl jluu 


^Ic. Ij_il J ttiULUl »1 *\c. jl_p (jj* J mi^» 4_j3 4iii9J 4^1*4 3j^>-Lj 


JjV lIU jj t3^ g~ Ml o 4 A 4 jCIA11 J ^lj)U 11 I jLl^jI (Jj^r «<n 


Jjfc-uujj 4 j41 r. 4_Sj^-Laj ju>*Jj jLusjVI dilj CluLSj tcilLaJI ^LLc jcjjL 


. 3 Jlj Jlc CjLLJJ_« 


(^ijjjJ.1 4JUI J_ic (jj JL^I I <jJJj (jJJu^ljJt ^ ^ mi I (j- 4 0^5 

^^lc 4 -lLlU 43 L 2 JJ_4 J^l ( j_c c-JilJI I JlA 4-jJLc (JJLUl Ju9j a_ < < <iL>JIj ju^AJI 
tjL^lII c.Lal C-c£jJI JlJ J_>o 4_aj^_Ls Jiol (j_a JjI 4jI t4_piiJI CjLjL t.u->J' 
»1 gif. 0 Jjlj (j_a LkLip ^pill 4^j^iaJI ^-Aj tJ^VI Jtic .14 Mill ^Lajjt Jo-£3j_j 
4_i_t_L>JI Jl^-C ^SLl^ 1 <>»jl ciiLiAj . 4jClrttl ^Uc! {jt £> c-JjjlII 

J Jul T lJ 4_i_j_t-o (^jJI t^Lcj-iJ! (ju 1 (ju/ Lu tJl ^jI ^_A (j^xLil 

dJ-Liil ^JLc 1 ^ ♦ ,'^.a L;r iJ! 3j_iTt^LII oUJJilj l L^j ^La (_p.II lIjL^IjjJI 
^syyl iJjA\ i(^j^ti!l ^cic 4 jj 1 g mil CjI£ju>JI) c_jL£ 4_i-^Lit_jj 

lLUcII fdc CjL_uIjJ 1 ^jlr. CjjLg i el ^pil 4_«Lpl Jux-I jLusj 4-lLu>UI 

«^_duC «< n! < «i tl^ ^ ,".if ^y±A 1_>J I Ljjjl 

<jj J-ASe-a 4JLII Juc ^1 Jua c-JjjlII lLULLII e 1 g 1 c ^jc JuJulII $^J_A ^Ljj 
j-Aljii ( _ r b 4_i^Lifcjj (jjJu-oljJI ^3^1 jJI ^ < (Hf . 

cj Lj l^is I j <_a<) > 

jLp jl>.I j) Ltiajlj 

4-jLL^ ciilju Jl^-uijj i^LaVI ^Jl 4jClAtl 4 ,>,^>11 4_L?tC IlII c_jj_*JI 

4 jLt-ojVI ^j-oL-u! 4 juIdj ^jJI (4luLl]l jja-£s) ^Mill 

CjLc^AJ>JlI ^ylc L^jL*_L jl JLC4 / 4 Ah t 1 ^j_?e_Lll ^_jplji 



La^Lu-uI jl ^j^scJJ! tiilj ^LSj! 4 _l£ C<m 1 ^JLu^ij ciilj ^Ljj t^pajLjJI 

t 4- a ( j_a 1 LaIj^I ^piil ^jLt^jl ^jLu c_<jL>. ^Jl L^j Cj^p Mil ( B pii 
j-u^LII (-^Ltisl ^jL^jjJI ^jI ^JLuJI Lai 

» (^J>j)» < ,«U Q3 JLSJI) 4jL^ ^£ 4_pLiiJI 4jLaj)i» <a ^ya 

^ <n >) (jl <_jj_*J! dJJLiil »1 4 \c, juc juL_uJ! jLSic^l (jl^ jlU 
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CjL&LuJ! 0JlA JLaj 4j3jj>» £)^L_u ^ * 4<-uiul^L lla 

4_42_J_3_>. (__£ jj I ■ L , ,,j 11 J4_U L£[_A 3j_J jloi>3 Cj lLI^-ScILa i4_bl^_L)T 

3JiitlLc (3 jLa) (J-C- SjLlC. »Lia.3-ll £)| till ju (JJJluzJijj i( L yaj '}!I j£j_aj J-3-ujJI 
Lg-i^L La-Lu 4<-dj_5eIu V £>£L_4 j 3j£UI 4>JlA ^j_a 4Ljj£^ ^LSLju 

L^-LlJ 4J-^T £)L£_A ^\ 4jl£wA (JJ* tiJj»3telu £)! (jjj <LlxlOJ (J^>- JjJU 

aLaJLc (jL^j L&^£^_a ^jL m c-4-L^-j < L, ,.jtl 3 _>jj>» 

J-A 4J«uVL £j) 4 MI L« J_Aj 4^3^! £)-* (j! (JJLh? C_JjJlII lLULUI 

^j^LtoJI A^j>Jt LaI .ciJIjuT 4»jMill 4_j£ Ju>.jj La 

CjLlLv. ^Uj t^l\ tiJjJtltil AJJ>Jt I J A ( n 4^ /<L , ,.^tl jlt^fc-LS 

La I 4 LajjJun. ^ jr 3 <jJj_3tIu 4 _£Jj LfcjjLselu V L$_La 4JLL*_i (j-saoitJ 

^j T l>o (^-$2 4-LaI!J! 3j^JI 

LjuvjJ (J^j j_a- 3JI (j- 4 ) 41 1 Mitl L-t^lj£JL 4 ?j-a-<-4j1 La LjJaj jJj 

L-*^! ^SLII I till jjj 4 1 , ,,J J_2j- L £^ Lfej^-lTt^. 1 Jl3 J-(J <1 A Mill (j I 

JJLLf La-Lj-i r^LuJ\ c_£ijSJI (3 J ^jLU^.j j^2J I) 4-tlLljJI 43>La! 

. jcJjJ.1) 4jjl*JI <—4^1 

L^_C I (ji J_& 4 4_j_)LjJ I C_^ljSLIL ^JJ?C_Lll 4-LA-4.UJ C_<_U_4iJI 

L-4-^Ij^U La-Lu 4^LVl JJJ-4J J-uCu ^ C^jIj 1 ts~l* ) \ $ 4 i 1 M (IL 

ljJui_u_tujL^ 4 L^j^ 4 \ 1 h ?Hj ciJ^stlLA jjk La 'j^-p£. I > n 3"tl \jJt 

J_jJjJL «ilj_4_u »L^a.3JI 1 Ij) mi aL ^aJ V^jVi 

^^ylc. t_4^lI^SLI! 4_c, j_a^?c-a ^_a- 3J IJ ^j-u-A-iuJ I IIjJL>oT La-Lu 4^1 jl ^y_<_uj>JI 

*(J_uL_4jVt IuA_A 

Constellation (4 _a£j^L1I) ^j_3c_LII 4£.j_a^?c_a lujulII ^1LI Ju9j 

CjLj 4^>.L>.JlJIj ^L^JIj J-S^\ cujJI 4 _i£j£j t_jjJI 4_t^^ J!la 

jLjLLvI ^j_a t_jj-_»JI tlLLijl aLaJLc j_Lau ^aJ 4CjL£j£ ^Jj ^jje-LII ^a_u_u_3jj 

a! A 4 mV! (^yZSLJ cLLajjI 4 »1 A • M11 LL*1 4_UsLL vl A Mil 

j. i^~>L>JI Cl 3yi L7~^" CT-^ La^ 4_a J_^Tl<-u-a t"-1Uj 4 -lLLvVI CjLjlUI ^J] 4_u^_*J! 
JjjlJIj Fom AlHout Betelguese J^jIj Altair juLLaJI J1a 


59 




pl^gjudl ■ ■gn’illg QgSJI 


0^3^ Lh? JLH J-*-**^ (jr^J Ri gel J-^jJIj Algol 

1 I l < r 1 ‘C I^J-UJ £)“*I JU^J Jl3^ 4 I <C 1 A t | Jl_>. I 

JjJlIjJI £jIL>.I j^jJI Lc^jI j-Aj 978 pLc 3j«&L3JI ^-3^-a-3JI <_aj) < n^j 

4 JLftTuTuI c_<_jL>. ^^^Jj^JLII Lot.3juu ^jJLJLv J^-u-u jJs q^SLj i_lUJjj 
^jJLc ll! 13JI pJLc c-3-JqJL L u . » -xa jl3^-»L^.3JL> 

cjIjIjlaj <_£Ij£ ^j_a »Lg-<-g]L> jicu La jubg ^13>««g 

Lp" <^Uj £cJjJ»Ij 3j_&jJ! c-4^1 La£ 4^ a 311 j (j na miIIj CjI^jjc-oj 

• j-a-3J' CjI£j^>uj jjl>JIj jJ.1 (J \j »Iajjj JjLta£,j 

4«*kll 5 

*^l /,, tl^ ^ ,",,ir ^jjj jL<-uJI 1 j) <-(.i Lc. 4^jA_u^j)^! 14 aLak. 4 juj! ^jSLa-i 

j^j_a (jlsjVI <jV 4 JjLUI ^j-u j_a-jHa_} 3^£j3 (jiajjJaj ^j-* 5 j. Mif. 

t (2bj>L^ 1543-1473) V*2_u ^iJUll c-Jte 1543 4_L^ ^ 

t(4jjl 4 < fi11 pi < JLa (j^>- 1 ^ *'^ 

J-jLjJ J_4J (j! <j-* (J£-J lj*^J~4 OJ^ 6* ‘-r 4 ^ (jl 

^U,Vlj J-JL>«jVI lLULcJI aLaic. j)'*'*? <—ijjw LaJu£.j . aJ 3jl j < till c—4^1j5JI 

^_u^lj_a lj u iitcjLuis^ Ij)3 Mtj (jl 4(j-i3L>. JSLtiu 

Copemical ^yu ^Llaj ^)| 4_J^_*JI <Lo^l_<Jl 

4<l^j jJlS'l cj!J-l-Lj ( jr _La_*_jj 4 t j-uj^ T iiIaj ^Uaj (j-o LaijLgrl i »l J^-4-ul System 
!^2i £-f0> 3jLu_a]l C_-4 ^Ij 5L1I ^jl 1 U-%. JlS ^yujSLa^Jj^ ^j| ^Cj_J 

. LaLaJ diljl Jua 

CjL^Ll^j 3JljJlc c-sjbclJ j (jl c_xjfcj 4jalr. 4j^Jaj (jI cit-LVj 

4 1543 ^Lc. LaJ lIc. jjdugSLu^jg^ (jl VI 4jl^-alujjlj 3j_u^ jLl^jI 

I^LA ^_aj 4edjjJ 4_aj^UI l_ 3Wl ^j_a VJ_) Ijll^j ("nC.^ 4-»_n_u ^ 3 - 4 -° 
jJl 2 jJLl j * I ^ 3 . >,. La_a ^jl ^j-u-a-tTuil 4j^£j-a ^j-^- CxjISL^ 

Ijjj (jl (4 j^!vLu 3 1601-1541) jiejlj ^j-^IjJI ^^1311 JLa^.V 

fi mil 4 J 1^1 V mi 1 JlIj Jl 3^ 4_jj_Laj CjLuI Lj^-l>- 

^Lc ^^_a_>l J (J-L.U ^jI (ji^ Jui£ 4 jO Atl jLgojVI p jL*. r< L3_uj LaLae-cfjjl 
.(J_a-*JI ^JLc -ijJux- Mj 4^LLd 4J CjjI^ La^ 4jaUll 4^L3*l!I £j-a 3j_o^ 4_>.j_} 


SO 




IjLi^> 9 (-SJLoJI pJLc 


^JLc ^ 1 \ jj^jLLj Cj^-Ljv. i4_ujJlJI CjI JjvVI 41 m<1 mi doJu>. Jaj 

jJLb (j.u-4-tTu-U LtJjJ*. LaJ_t-a£~ ^ !j 0J-4-C. j ""C 4jJLJ 1 ^ ^ ^ tdlLlJl 

t(la^jj-»j^o) ^LjLa IjLstiijl »L^.t.a]l ^^a <Lclj L*£.jjVl jJLl 4_uiij 

(j-o ^tlll |jL& JlJU ( j_o_pj Ju>*La t4 jj..«.u.> 11 SLp- ^ 1 Jjv j jL CjJl>J1 IjlAj 

4_u_ujil^Jl 4_o*l_Lll LL3 j1 Ij j_^I 4-tSLLa 3j^>.l 4ol L^ 3 jlc 
. dilajVl {j-a daj ^^a L^-al j VI < »1 J^o-u i£>^ 4j^>*' 4 j' *4- i *1*-11j 

4_jJLc jJLUl 5 _j j^L_p3 1576 ^Lc. Ijljj-s I j_c^j-« ( Jr a>lj_j ijr _Lj j_aj 
^jjje-l!I £jl&\ (JjjLulj jl>. 1 jaj t(P $ Mill 4_aiia) ^Lulaj (^jjjjIjjj) 

^Uj}Ul CjULuJI (juuaL>. i4_u_o {jJj-lIlC. ^-Ic. Jjjj 3 jl« »1 4 Mill ^^^a L_^ljSLllj 

^Ltaill) 4-lLc. (jilst d-JL n (j-ajj <_jJkljo .4-ol <^<?tl ^ljo*.Vt JlusjJ 
1 * XIjC tl ^jl a *jj>j^j O "J ^ ^1 k* < j jjfcj i(^jitjljil 

I j-* o^J di- 3 " 3-c.j-c^J.I «j_a (j'j jj " a |i: ' " d>*- 

c-^lj^Jl jj Jo UJLua : ^jjjj>.VI ^joaUaJJl (j \j 4jj-<-oJ JljJl>JI ^UaJJl 
4jjiaj c-i-mrv 4ot_<_ulj 4jjLj (jlajVI £)I Vl i(j_uj£Lujjj^ Ij ^j-u-^-tToJl 

. (j-uj-^olLaJ 

cLLL-C 1 j 1 c- jlj ^Lll A & 1A11 ^jfcjjj jitjLj CjL?cjI ^jla 4 1 _L£> ApjOJ 

.^j_ujSLojoj^ 4jj_Iij 4otj-o ( JT lc. JjjjJl 4_cLai CjJlC.L_u t(jj) 

Jj_3e_4 4_aj^Ul 4_x5LLjJl CjLjLo^JI jjjlj jitjLj 4jjJaj CxjL^ JlSJ 

Vb ltfj-g.1 I II j ( _ 3 _usLjj ^JLc 4j>.Utj ^<u 4 jj>o JjLU ^ JLp. 
Jl_jj>.jJ1 V mi 11 ^Ljfc ^hiJ 1 CjIj n m tl C-<-C.Luj 

c-jLtTuJl *(1630-1571) j. 1 i*s jjv jjfc 4J j_4j ^jl *^1 t^Ti, ,,j ^jJI 

t- I I It Te-i ,j[£ LcJl_Lc 4_j_jla 3jl_^o <X1a CjJlj Ju9j CjLu^dLjjJI ^j-ujJj ^ jJl 
(jl cl«-p Ij ^aLt-Ojl ^ jL3T*t > ..La ^^yifcljp 1 JLC.1 < (1^ jJLp I JLC.J iC-A^IJ^-Il CjIjI J-« 
(jj5Jl jiclja {jr ^2 .j do 15" U5 - t4_clj 4 jjj 1 j c< < <m! SjLuoJI c-^ljSLIl cjIj! jlc 
jmM ill ^jlj Elliptical 4_j_5£jl_iLfcl jl ^j-aalj ^Laa Jj 1 Lujjj^ ju^. 
jJL^ (jA_jlja (jjjla Jj! 1 j_a i^j-saaLlll 311 

♦ ^-t-t-L^-tTal 1 ^Lla-xJl ^5L>o ^pill 4j>li]l 
cojl^j LajJ-c. 1 jf>^j - .< Jujj 3jL l«_uJ 1 l_x^ 1 j5Ul ^jl j^a ^jLlII (jjjl_3Jl Lot 
Lpljl jl« ^lj->*l ^j^a 1 pr.j-tao 43 jL3JlL> iq ^ Mill 4jjL^a-uJl LpljljLA ijr a 





pl^gjwJI ■ 09SJI 




J>>- <—^ 3jjjJl £yzj j-Jj-a (jl ciJLJl 4 _j^jLs ^ jJL£ 

4_j^i_i<JI oJJt> (jrij j_<aoJLj tig if, ^Julj i-t j fcSLa (__<_<_u1_uj 

.4jjU_^J 1 ^l^o-Vl 4_u jlo- 5 ^j 9 4_4J (jl 

jLsljI (jyj 4^>L*JI t 3 Mil^j (jl 4_jLi_ti/ JlLa jJL£ CjIoj^L Jl3J 

jJUJI 4uLuo (JjJI j_j!jJ! ^alor t II iVl tiJJj 4-d-LC. ^Lal ^JLaelb tC-t^IjSJI 

tHarmonic L:r a^ljUJl ^jjjLULj Liajl ciJLJl ^_^uj IjigJj i<blu/ Jo 

.jn^ miIIj c-t^lj^JI (j \j LIj-uG (jJLufc £j\ ^jaljJl (>_u ^-3 
Cu^jJL^ t4_ujL>Jl 4 j^1oj ^1 £H3jj jUs (^JlII jjfc ^341 jlJl (jj-jLoJI I j_Aj 


3jJlnlL) ^ 


>• 3 Jo-1jJI 4lojJI c_<£j£Jl 

■<_gj La J_& t3jl.UL.Jl ^JJJE-Jl Jo- I (J 


. 1 >n jJl 


-OLSUil 

(^o-jLl &V1) ^jo^LJl j_Ll3J1 CjIjIjlc ljLo LlojI J^9j 

3j^LtlJl p L>*v- t^.u-4-tTuJI JJO Lgjljl JLC (j7 ^ 4_L<_u_<^LuJ 1 4j 2.,J^oJ, I L-t^l^£J 

till ju t Mill 4 jjJ 1 J 3jlJ< nil c_t£lj5Jl oljLu^a ^jl-j 4 JjL3J1 4_$jJl3J1 

C.<_3jJl LT -3 i __£^jsla j_& L<j_^ ^_<.u_4-tTuJ 1 ^LtaJi] 4-u.uLcu^l 1 ^JLla 


. j-toL>Jl 


^1 c-j^m.LJI <^JjVl 3j_Jj c-jj^J t(1642-1564) <^LJLo 3 JJL 0 *U»j 

J-iLfc JlJ 54 ]! CjljLtaiJl £jLlo (j I Q^ojJJlI L>^dL 5 " 1 609 ^Lc, »1 4 < «tl 

L^oj Jo-j j| 4 mi ifrjJl 4 HjLu 1-^JL*J1 c_jj5LtjJj Jjl ^-lio l£jJ1 J-A 

Ci M l j t j (J <1 A Ml 1 1 (j\ L>^y t^^lfltl ^Lia-i j->3 4o-jJ 

jj Ju jLLs I 4 _*jj I ^tLJlo. ^ Ij JlII . 4j > 11 <; mi 11 L T lC j-asz-a ^>ojV1 

(j! ^ JoljJl ^2J1 CjI j ^jojVl C.«- p J La t^j Tuf L U Jjo- 

l_x£j^ c_j_s1^-j ^j^Lal LiUjifT t4_jjl <a Mill 4 £,j^o«JU j) <^r jj-jI 03^ 

t^j.u-4-tTtJl 03^ (j'Ao S^LoVl 4 jI *3>A)J 1 

' (j ^ j 1 L. 1 ^juiLuil ^.Li 1 ^j. " s>~ ^SL^j V 3^_&l_LbJ! 

Jjo. 3j_AjJl jjJj ^jLj ^<>i3j ^jJI ^Uaj (. 11 m*w l^LU" 
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lij^g leu^9 Ain II pJLc 


4_uLjj_iA]| CjLjj_Ia_Lll ^j-o j_uSL!l (1727-1642) £p^_u ^ Ju9 

, <LoJ 3~ U 4 j?c_i^I_(JI 4_j_ 3L*-JI jl£aVt ( j_c JuJulILj ^£jaf Ijuj 

Cdjl^ t^L*J! 4_uliL>JI 4£^_><JI ^_jI^-3j Uj!_> j_u ^_<_ul Q^ILajj 

4_<_ojL<_uJI 41]Li]I £)-A - <i»Mi]l cjI^_L_uJI 

^L_U_>. VI C—OLscIlH 3^9 t r> ,",",<! / Aj"< Ml oJJt * LvLaj 4jLo» Cj|J-L L.U 

4_j}li]! (j-t-il^9 £)l i4_u]}L>Jl 3 ^ I^\ t^ni^ Mill ^Ltllll 

IJl^J 4jl_u^L>. L$l£ c-t^l4Sj->- (jlj t4_ujL>JI tjjjLlI 3j-<I»LJLl 4jfc_u_Lll 

^ i m3 n (jI ^pa-aVl <jI Jl>- tC j Ljj. <^ i]' ^jj^u (j-uj_} 

«>>11 ^j-c <_9 ^_ju t L^_la ^1 ,j \jJVt ^Jl jj-tTola 4 ^L_u^j 

^_u j-j-o£ Ju9j . Lla Cxjwj-o 0°3^ (I)! (j-^i tUji-%. j_A )^\ 

Ju£.Vl ^Jl3jj 3jIu_uV! Ju£. ^L33 jIj JlI,I <-jy a ^ 

. ^y-U^-uJI *■j q * 11 c «<<!">> 4 ^jj>JI ^j-u-t-u I 111 4l^ Ijufc Ji3^3 

L^jJu>«j (j*\ 4 < m*w t4_uj£ 3^9 4_ujL>J! oi LjJajI (jJ^u C-<_aI Ju9j 

^1 l M^vVl ^L4-^» 3_}j->-3j_3.Il 0 Jl& (j I £pJ_U ^.osjl Ju9j 11 c>$ mi 4*>L,J.l 

*03^' Cr^ 

(jy ic. 4_uIiL>JI 3j^ uLm> cP^H r, 6>^3 4 -l3.aJ 1 

^1 Mi^Vl Cxjl^ 4 jJI Lajufcj Jij_>.jJI ^ (jls i ii 

^ jr HJl jj_se_aailj 3 JljjljJI (JLu>JI 4i < nl< n4 c_jJl>JI 3daL^ 1 gK ja^l 
0jUt 4_sLod1 c_cJ 5ta^ I \ < J \ c, j-jJa c_jJl>* (_£$£ Jidi L4K i(_^3jVl o-LaLj 
*(l)J3^0 * La J-Aj l^iLa^stA (jr^- 3j-^-5eJLI 

t4_Ul mi i tl 4 _jLc 4JLJ,! Ja>JI ^Jl (^JlLaI Ij-p-tj 

dOL4^ J3SJI L^Lu dJULuJ 4 j^ 

Iji Jt Joljj «4_tjIiL>JI ^ ^UdL^ cr^ ^^>*3 4 U 3 < 

^J-3-J ^ in ^ i r. 4_ja!iL>J! 4 jLSLaL j_j_usI J-olSPJI 

4ajLuaAil ^1 < m^VI ^_^Ljj <j <\ 3tlj /j \J 4_<pl_3JI l_jJl>JI 

3j) ^L^-t-u c_jL£ 1687 ^Lc. 4jl_3tj| ^p^ tJ- 5 3^ul ^-u-aJI j.uj jJsj 


•• 



pl^gjwJI ■ 09SJI 


. 2^ ,Utl 4_k_uLilJ 4.ukLp' jt Principia 


A ji«Ji jeii .. a-—J» 


^JJ j »>> A tl < ju /i^HAtl ^k. 1 ^ / aj 4I1jJl>JI ^jUII < < k. 1 (jI clLlf V 
^jJLjlIIj 4_*Jj (^jJI i 1 jjj.uiiJl ^JuL (1955 -1879) <j*kiukl cjj-JI 
oijJ<4k^1 4 _l^LjJ! 

i _ r 3 c*^ t injl 3 jj_us c.Jju^ tj-ikL>Jl 

(j-uLjJU ClJC_U 3J! t(j_JJ_J_J 1 g mi Mil L-kxiS^ 4_u5L>Jl jlj-<-ul CxJjLCJ 

.UN Jjjjuc 

<jL£UI *4-t-<kLijJI 4 _jV_}L*_ 4 J_*_k j^_>o JlS jilni nl jks £)| 

(jO-kkl jkk Ju9j ♦ * 4k. ^j_uI_lII (J_k £_j!j Jlaj 4^1 o_iLulj 

^-3 t4_c^L>J! 4 j «( m rtl 4 j^_Uj i 1905 ^Lc 4j 1 mi iN ^yC. 4_jkjJk I 
. 1916 j&Lc ciJJ5 Julj 4_aL*JI 4 -lu.uJJI 4j^Jki ^jk. I 
|jLJju>. Ijulj Luilk Jj 9 4_aL*JI 4,t,i,ui <11 £) I t__uj Vj 

(jlkllj 4_ lr kJlj 4^lkJlj 3 jUI LlUjjj 

.(jjSHJ c.«jjl> J 1 ^ ic. j-^SVI j-utuJI U^j 

4 mi (II 4jLjJk)j 4 -u kLjJi 4~i3 < n 1*4 <j! (j-Ci mi nI ^LUk-uij 

V 4jI *4_ujj->o CjVjLlaj £yulj-k 4 -oLlJIj 4_^L>JI 


Vi 4_k Laj 4_Jk Laj t^jLu-tk l_4_A Lkjj Q-l 2IU1I 


jjk 4 _jujV 1 ^LauVl 0 jui> ^kulj i jIaj! 4jujI j 5 Spacetime Continuum ^ISk 
.^xnai 2L3>LkJ1 SLkLkJJ jLuVl ^i kaLkVL ylj juu of 
j-AI jJkJI (j! Cc-uTJj 4 _lll»J i 3^519 ^ 3 m t (^rukikl (>ulCj£ l_>- 

. 4k Ij 4-ukljj (j+ < i j; 31 ^jktj 4 -uj5J1 

^Ltkkll JSku jku 3 jUI O* ‘4-^i-*-ii 4_u_kLll 4j^kj JjlIj 

4_<_uj_L^J! Curvature ^.LkkJI ^ A ^ ikk ji_JI t( j_uj_3k 4_1 laj?cjj 

^jL£j .^kkUi tkkJi Jj pj3",.. 11 ■ U 4. t i 3jkk kG V jLftjVi 3jjutka 

(j \ U U ^LtkkJI 3(j? 4_t^sL>Jl 4 J I Ml ill 4jjJkj (jy ^ (jOkikl (jr k 

La tiJJ5 jjL>o 4 -cLlII 4_uu_u_lI1 1 *jkaJl 4ji_uk ikj-*k 

L<-uj) 3 a V1_5 e_a Jik-J ^LikkH 3 jUI (jl Jk^V jl 3^ t juul 



IjLi^>9 (-SJLoJI pJLc 


ciilj-jjuJI ^jLSj 3jlil J-*-5 cj (^jJI <_£ 1-Inertia jJI j! 4_ujL9tiI 

(jlj VK Mil ^L.o.-v>U Jjlsej (jI «ULto/ <j_a I j-Aj-1 ^ <>L>o1 

»J*s mi11 4jj 1 <>m CjIjI Jlo L 4 I 4jljIiJI 4-uL^aiJI ^L^Vl 


Jl_>o ^ ■ ' ■■ < (jLSUI (jl t4 /^>1 _>iJI 4_i_l<-u-LI 1 4jjJa_LH ^b ^jO-tI2uj| (Jj^ 

LuIjj 11 g mu? i jj Ju 4 _lu3jV1 3j^LJl 1 m £-a tiJj-5 elLi l_u^ <jj£LJI 

^j_u_<l_<_uJ I LJLlJ i ^.u-a_<-uJ 1 J^-Ll \ £ , , t s> \ £_<3 

^-LjJLII (j-J> ^ ») L_Lj^_3c-o ^ j_>o (^l 4 \ 1 m (Uj jj_ 1 in 4-«-<-aTJ 1 c-t^l^-11 4_uLj 
ij|j^^l£-Luj_?e_a (jib LjljIjj (Milky Way 


«>sAtl ^b a 3 lt^> > a-l "11 l ^j> 1 l_i£"-Luj^c_c (jib L_u^L>.j >1 L^jla jjjG 
. l£\ j_>* I (jx. SjlcLu^s 

(j^ej Laj *((jj£ll 4 11 n (Uj 4^j>. 4_IL». (_yb j_& (jjSJl Cr^ O^*-* 

. 4jJljI 4JL>.j (_yb a LJabJ I (JjJliej ( J? _udjVI ' 11 a 

(j-^j-JI Ujj I I lil LuLj (j-CLt-'Ii-U j ^Jl_3 t(j-cj_II 4 -LLmjJ ^JlC. JJjuiij 

'£* A I" 4- a ^_b (j* «*?« lLUju LloI^j i4_u^ 4 jjL>. 4 i mi <Uj 

(j-uLxb clilj.il (J-Oiij La Jiitlu-ul Ibl ip^ <?i"V a (jruLaj (j^La- < <ij« o L^jlb 

. dbjJI 




tl^gjuuJI . .gn’.lIj QJjSJI 



J-4 l j r a olSjjl I jl L^jLa t4Ju_u 3j-a ^o^-coJI JJJu (jIojVI tlul^ U :(2)JSLjj 












tju^g leu^9 Alnll pJLc 



uiV^WVI :(4)JSL4, 


” 


tl^gjuuJI . .gn’.lIj QJjSJI 
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IjLi^> 9 «_SJLoJI pJLc 




4^LLd ^Lal ‘ ■ ‘«" jjLJI ( _ y jj£LII jLJlII 5 <1 -»,,, tl :(7)J5 Luj 
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t4_aJLlL>JU 4 K \<?tl £)! Ju ^ 

jJS o!J_J ciUjJj ^_JjLL 1I JLLA (jL_ujVl CxC-lj 

<_sVT Jllaj . 4-^Jl 4 jj1 4 t m! 1 Jiitjl 

l . i !y-s -V- J1_L_^C_J f■ i *> . .< tl < ' * ^L-Uj^lj ( t j~A-L«-uJ 1 

t—jj^-»-ujJ I (j \ c. ^J-c^Tn.u.l, I 0^3 

^ aUtl ^jlj t j-c^UJI cJajJl (J ^ 

oLu^W U^> j»L3 (jjJI j^JjVl cjVjL>JU (jJI 

• 03jJI JLlJL^Hl 4 JLluiJ jl ^ ^1 4 Mitl ^*1 Jlir" t nN 

fclp^lj ,3 l < m i f JUi5 JU^^j 

dlj^II ^1 jJLl; of oL^>Ll 6^ 

m i T I i^j^£LLI fiLu-uLi-uV! 
Nebulae (^o-jI a m 11 jf) ^ji.ill Laf 
(J-u^LUj L&JJlc j Jujj J< Mitl 4 -liL^lu t ^U 4jj1 4 > u 

ciUij r^j^i\ c^tib L^i* JJal! VI (XM v lilSJ 

e.\-u2-i i]l ^jLu j ^.^1 .j>>• j 11^ t ^ 

l_Ajj_J J 3 ~i Ml *1 <d I J />. 1,1 | Jl-<-uJ Ij 4^J^_cuil 

^Sl j < (i tl cjIj j_b tL^-Liifcjj ^nj! cjLc .1 * Juj 

4_IjLlLq CjLvJ_ 4 4-C.L^-tIul Jljjlj £J) <>ill 

. JjlaJI 


pl^gjwJI ■ ■gn’illg QgSJI 


1 4jJL<a-t-g] I (j-0 a A 1~ 4. a ^k. (p_)Jij_u) p.<.ul Jikj 

CjIjLc ^j- 4 (j^^To 4jjl_c pjl Jllu i_dl_L^3 '^ ^ ./>>!! 1 ^ ^^ A 4_iLtfuj l_^_Lu 

»LUa.AJLj 4 <?U ?a pikj Mj Qj-ililljQ LJLc 4JLitL>JI ^ jr 3 4 jLc 

(^1 4_j^_3e_a pol J < .ill 0 Jl& La LJLcj JjL& JJlc ^^yk 

. £jo*_a Ji*k 

lajo*. JJ /1 ^ lAJ n LjLl>.|j CjI ljo>Jtl ^kot Jov^3 4 j^>JU pjl Ju_a]|j 

q-a (JjVt jl 4 - a Tu La j| 4jjl_c pj|ju_u Lai ^,-Aj ♦ lg <a 

(j-^LaVI Jo>-j-IL3 4-a T L t i.l pjljJI Lai tljL>- 4_3L£JI 4JLk 4 jjLc CjLujo*. 
jkLUl ^J1 4 niii TLj pjo?e_LJI JJlC. 1 JJlj ^1 jl pj_?e_<JI £jjQ 4_jJL>JI 
Cr^ 3j^r A" 1 1 pjjJtill j!£3 4_u£j£LJI pj|ju_u]| ^_y^J ♦ L^j 4_Lajj>J,l 

IjL^J fl t jC ^ 1 3_*m ^jLj ciliail *Lak. 1 A" ♦ Joi i »A< p •*» ■ \ 1 ^ t^\♦ a 

. L^jIjjj aL<j| 3j-a- 1,1 pjjstiJI 1 4 ) I? 1UI ^ylil S^m tpjlju-ujt <j_a £j-lJI 

i 4HbL>. L^_£LJj 3_ijka 3j^u$ pj_>o ^yk. (^<4 jj_2e^ 3^UI pol Ju_uJI Lot 
^1 Bljj Jjj>- jj Jo L^jLi ^o_ao3j l j_L.t£~ k^llo*l pj| Ju_uJI lLUj ^JlSLju I cJLLotJj 

jJoJj tpjjfclll (j- 0 L)^~^ ra 4 _c*.jL>JI aljjxVI £)! Joj t ^as>*j j-tC j^j_a 

. L&jjkj CjLaLv pj 1 Jl<-oJI L$j ^_^kj ^ylll a A \"i^ 11 JJ <-^s tl ciJJj I 

CjIj-j_a jJLSLII (j-4 CjILc j-tAaj ^jJI t4JLfcjL« 4x.^_<_aJ pjI Ju_uJI 

jJs pj J < 11 II 4 J 0 JL 1 4jL£ i_dJ j ^_aj > oL^Tca 4 £jo>- 4_lxL {jt £i 4_uIjJI 

lOj£,j^o> Jj_». 4JLaI^ 3jjJ pIuJ (j* ) 1 nil t^A 4 ♦ ^Jl ^llL>«j 

.pj|jL<aJI 4 j j j la u ! (^jJI pj?ej>JI ^yJI ciilj 

J>Lfcj j-t T u T uj (jyjfcj i u CjI Jl>*j Galaxies CjIjo>JLI Lai 

jjo>JI L^tk Jikj pj (j-«J Jj Jot-a^UI <>1 A!' (j-a 4 j3j, <?" a alj^>-l 

poljL^u ^j_a 4-jjLa-t-'-iJI pl^owV! ^j_a ^j_a QgSuj *4_ugSUI 

Jjov 1 ^ » j jjJo tdiljlcj (_yJJ^ jLkj tiJjLuj CjLukaj pjj>oj 

^..A CjI^_>JLIj » 4 ^ > nLaHa 4_a-jkc. 4_u jl_><JI L^kj^jj i^yzuu 

/pi bs ", \\ \ A .>> A tl CjIjo>JL 1 £jjlu Vj . Lfc^olkaj . .pj_?e_Lll jJj_a (jlSLa 

4_cj_ao>J. I Laj . 4 <? I ~ V a JL^ko I j, mi In Jjk. Jl>-jj LkJj 

VI 4jj 1 a < nil L^-aljowt Jfjj iLfcjLa^tj L^-ajj^-a 4j mi a Mill 

pU^VlJ JliAVl ^ikka oljo>JL! (> 5 la jj_a 4jUii ^j -LL ua aj^>- 
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gJjljJI Lolj^ pHcl 


.(jjSLIt Igjlf . fjjpis tJ ^P-II 

cjLcj^oj ^-bju ^c, 1 ^ < Jlc.L tZu cj!>>JL l (jI llULLII aLa-Lc. 

L*l».Ij 3 L^l ^1 Jj ^-^>* ^J4> *l*-^>* 

. ( JJlaTJLI 4jj_L_l!! eJJb Lr^ ^Llj t Lojj?e_A Luj_<_u 

xUUt c H..((^V))^ J ^i 

J^LL cij^ej 4 <>>rttl £y* j^lJI 4 i miJ La III IjlJ *a! a < nil ^\ 1 r♦ \ U~ Lil 

4 7i j 4J 4 _j_jj_<1d J^-aj (j_A ^LjJl>-jJ jJilJI LaLa.} lijj i LUG_a g.1 

L^Jjljscjj t 4 J_a1u_u_a La jJu-^JI (j_A ^JLu 

(^Jj-LaJLj l_3^ju La I JlAj tvl-A-'.ujl Ju£ Ju-a_a ^ <>>4 jLlC 4. Ll A ^J-C. jJlG 
1 < 1 r.j-A-^e-A (jylil 3j^>JLl Milky Way ~ 11 jl ^-LlUI 

.^>•1 ^>o ((J^iLa <_aJ|) Ly^L 130 jjv. 4^L<1sVIj 4j mi a mi!I 
A ^J_l L^J 1 ^A_5 C_lI 1 I Juk A ^ ^ ^ I 4-*-<-uTJ I (— I11 L}J ^.u-A-t-uJ 1 £j | 

^ CT^>* ^ (_£-“ c^- 

4 < A mj t4_uj_tls 4_L_U l_aJ| 4-jLa ^Jl j_>. j_Luj lyC^L>«JI JlIc a miH 

JljljJLj 4_3Lt_Ll1 JlLGj t4-uj.ila 4-u-u 1 aU j ".s' 2 ,,, *)^ H JlIc. 

.lyCL3L>JI 4 _l>.G ^1 Ajllll ljuk ^j^, 

4—L<_u l-aJI 4j^Lj ^>- 4j3 L<_u_a ^JlC. 4-L<-u-A-tfuJ I 4 _c.j_a_>l1 I £_aj j 

^ylLb Jl£. (^1 jl (j-* ^ ^4_uj_u^ 

J^L>. IjLa 4JLitlj (^jJI ^-A-Ajii tiJJj t3^J>J.I 4^L>. 

.jLt^JI i^ysjSal I Ijufc 

j-aVI J jLiJI Cx^fc-l-UJ a^^jJLa Lu^_ 5C_A j^j-Aj LuISLa »1 <>u?Uj 

CjL)j_*_<^aj c-Jj-lu-A ^a| 1 Luj^?c_a JSLju 4 _£^_*_a LH]jL?e_A ^ jJI 

LG! ^1 "< r,,dl t 4_jj>.jLL cj!j_5e_a 4_<_uIj ju tHJLUl »La-LJ i>^-a! .4_a^>* 

^_a 1 ^ 1 j -v. L^jLH t L^J p q~< > <<!j n CList-ua ^! 4_j_JjJ 3 jj?c_a ^jlu ju 

. 2LG^i]l 

4^L-ul! JIaJJ t^jJStll! jrU SijL^J! CjLflLuiil (j-oL»^ CT ^ ^JlscTu-uj ^yjjia (Jj/LlLo A-uj) <>i!I 4_LtuJ! (*) 

4_i1LjJI jJLojJLi^ (_kil AjLGMj 4^Ltuj-a ^USj »j <>tll) SJLol^ 4_u-u J^L>- »j 1 ^» U t?j 

.(3j-yi 





pl^gjwJI ■ 09SJI 


{j-A ^yC. i <- l_Lj^^e-c £j I L^wLuIu_o! £)£Lo| 3j)j_t-ailj 

iC^lj-LsVI JulC. (-Ji_t5eJ^^J,l ciJLj_4-<-u jLiJIj jLxiJlj JojJLie-a 

CjL t - ^ o ^a 4jj£La Luj-oj jSLtlJI 4 jjj£" <ULfc Jlvjj JjL^JI (j-£>j»2JI I JlA 

Jij *j^11 jLc. {_yc> I Jl>- fillitlit-a 4 _jL^_<_u ^a Luajjj t^Jse-Ll 

. 4_ujjJL>J I £jjVI 4 _jl3Ju (^jJI jLuJI (3ljJJI) 4_La Ju£umJ 

4—£jj| 4_J^-J ^j_-o t3 Jlj_>. 4_3j^_Laj ^>SLa| Ju9j 

Jl^Iju ^jJI ^JLlII-^jjjIjJI tiiliJI ^lc 3j_p*Vt (j*_u_u]l 
c j-2e—t-u £)L£La JljJu>«j ^j-a-LAjJlusj ( jy I(JI Cj L^a-iil 1 ijr Lc. 4_<_uljJ ^£> 

iCjLs^mi 0 j-A £>£■ ^ 

. Lu^jse-c Lr^Ji) '^^ t_>-t^pJl £)-£■ J <<^l 3j^Is 


p r I ^J_A LdljJ ( 1 ^ <\1 4 I 4—|L<-tl-Q-luJI 1 —LTlC.,J_* 3L?C-<3 C^lIjS J_U_u £)l 

ti_LLj_c.l ^Lal Sj. < <1 a 4_*2_^2_j UIjJlII 0 jufc JL 4 JJ j. mi jit 4 _£CjLjIjjJI 
1 g m i ^j-aj-4 ♦ 1 tl ^ j-Sj La_Lu ^uaojjJI jjjJLj (j-cua-tlJI 1 gj4 

. 3 Jl£.L<_u_ 4 J^ae.^J-1 < <^*>J I 

CjIjIjlo ^JJ 4_tcl_Lu^JI jL^VI c (jj)j-uSUI (^lj Jl3J 

4jj1 4 < m11 4SU.I 0JJt ^jL-ujVl J^Ju] 4 jlxIdI yj-4 4jI Jlj JIL 4 J 

. Jj^U JlaI Jula 4_j1c. 4_dj-3t-a tlul^ 

4j9J (y^L j £-fn (jy IL>- £j-u±a 4_tcl_Lu^JI jL^VI (j! L«J 

^_3lLc ^jJI ^jLtujVL^ 4 4 ^jSJI 4^->JI 4-tSL^-4 

(j^A^u (jI J_l9 »1 4_u_uL_u^I (jrul j-3JLj 4^Jlj I t^jl t^3tl 

. 4j ^uJl3j 

Lr^ 4-^-jl Miljl 4 jI£jl^_j ^ < <14 uitl ^Lta_Lll J-loILjj 
1 ^ <j 4_Jjl_Ua_JJ 4 -C^-lLlLa' L_4^1Ij^LII CjIjL_u_ 4-3 t ^j-U-4-tTuJ I * . 1&AJ*J 

4_jlcu ^ U> , ,. ^ Ljcc ^ tI (JJLV. U^* ' 

^ Jl>.Ij <>L>«jI 1 t <i 1 (jjJ-Lfcj-u^ jjJkJ L^jI t4jjljILo 

. 4^.L_uJ! l_jjI_ 3^. J_u_u JllIs i?L>ol jJuXj LaIjJl>.j .(ji.jsll 


gjjljJI Lolj^ foiacl 


^LlS! LajjLsc-g ^£. Jj-4j t4 *i >m!I (j <• *Mitl (jl 

Jjuu ^£jJ! 4 tjyu Ijj 1 C-X^SLII »LlLL4-uIj 4 LAjI J_>. I J 4>Uo1 ^£ 1 ^ ' «< A 1 

. C_4Jj_C J*S Mi l 4_ul_>. ( jr A jjJlJ 4jL5j 

JjLla£.) »ig Mill (j_a 4 jJjJiII <_*£!U J 1 

-LfcjJu-iS ^yic- 1 l*f^ (j-*J 4 \$‘C djLUuJI <—4^1 ^5LILj CLuj^£ !5l ^-5CJ>JI Sj-Ju-sD 

4 (^j cjly-^yt jj ^-ALlII a ^ 4. »>»tl c_4%£J! ^j-a 4^lf£ 

4,U! 4-3 J Ju9 ‘-Ij 1^-43 4 1 <1 4~>*J 4_*Jj I ^JrU ^^JL-saJI 5l 

cl<_jJljv 3jlcLSJI 0 jub ( yc. J-ujj j-g -2 ^_4_4jIjJI c-^jSLII Lol 

t*l i~ Jl_jj_j^ qLiTljVI ^^u-uJ Lx_4J 4 Jju J-y- 1 ^ fAj Llh-i.iJ i_£lAaTtS^I 

<- «4 <1 <11 1 t? 1 dLu ciJl_LA £)I 4 4 j mi Mill 4_cI ^jr\j 4 j JljVI 4_LajljJt 

L-S^ jl. t ^ j U»a> 4 A (jl ^_U3j| 4^J-4i.^-<nJl ^j-C. C_4^I^SLII jLul (J\J 

.qua mi I1 4_j_>.Lj qa 4_JI <—t^l j5LJt 1 jIjJl j,U3tl cJu^aj i h* i^> ^J_}L*j 

250 (J^ 0Q-A l_LJj-J^_43 j^Q-A 4-H-i.L^-M.l! 1 LllC J-A-ZZ-AJ 

.Cosmic Year (4 _uj5JI 4 m nil) L^Ac j IU jj t 4_u_u ^j^-iLa 

Lc (jI <-LLi» 4 1 ^jlr. dLpJI ^Juujj Jsj-u nMill (jj_i 

4 L ^jVl ^ If. 3Lu>JI 4.C.LA/L aU mj. 1 \ 3juj_3JI 4 j 4 aVI 4>j_a jh^ Mill Jjljjcj 

<>JlA ^1 J-t-aj (jyA! ^ 11 ^ Mill 4 ^LLd 4-L u lU 4 i mi ill lLUj 

4^j 11 ^ mi U (j-A 1 g I j 3 *m in 3 jIj^>JIj aj) <<MI (j-« 4JLAiaJI 4 -uaAI 

. 3Lo«-H C-tSj-C J_4_4iJ 

jii^ Mill (j! 1 j£j-3U 44_i^L*Ila JL^.1 ^j-ollll J£j 

£j£. j- uC u i^j l 1 U ^J^>- L^j! ^jjJlSIuu I^j15j 4^jj?c_LII ^Jl^I ( _ ;r A 

11 ^ Mill 4j 4 ^jjALLJIj Qj)j m 1^.11 jAJ .»1 i^3ll 

4 juUIl L$i I ^uI^jlII 4 JVI \jt jj-ux.La 43 jIj^>JI j 9 .j 1 >»H £-u-<& 

.((jjjl) 4J^/l 

(jl£A JljJl>o Ij r 11->" , ,,l ciilAl t\-A.[c. ^jt (j-a ^uijJLiJ 4 1 Ju£> 1_Lo^j 

IjlbtJj 4 ^, *JjUllj L^_u^J IjJL-ojjj 4 Luj-se-a jiu Mill 
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llILLa CuJIj V 4_jl VJ • t (f<*\ q (i4Mill L^j jJ^ 3 cj^LcLaHil 

. 1 j 1 _jLSJJl 1 3 ^Jl ^1 Tl>o SjljJlc. 

<L j- UsjV' 3j£J! ^ ^ n ( jy I(J! n 4 miIIj 

■U 41 **-~4 cUljLa 3jJL 4j mi 4 Mitl <lcj-4->Jll *L-bx.I c_jJl>«j 

j_Lu 4_42jl_3 4 x.j_<_uJ 4I <>>3tl ^ jr 3 j 1 in h 4 Mitlj .4>jl JL4 (jr ^ L^lc j_Ujj ^ jy ic 

tiJJlij 4 » mi" tl L 4 Jj_>. (j-aj 4 3 Jo.!jJ! 4 jjI!l!I j-Lt^ 220 

.Sj^JLl 4_uljj jJI L££jo 


ijjJlJJ t^jl mi’^I L 4-&J-C- ^1 CjL^LLaJI j-j-40 jJu^a_4 ^114 uitl j- iT uuj 

(j_4 ^4J (Jj 4£ i(_)-2>jV! <—3^^ 3Lu>JI l_^LU_Juj 

Lr k. 4j-ptj ^JL4j L^ jjJlj 1.4 4^jjlI 4 ^ 1 IVm L 1^1*4 fj 114 mi f1 4_<_u1jJ 

. J_ii_<_O^JI ^y-nTuJ 4>jL>J1 4_U1 L*_4 jjV I L^LLa ^_31_(_4 ^j_4 A n! M <1^1^ 


^j_u_4_<_uJ I ^J_Lt^4J ^1 3j_u£j I 4j3 Lt-U-I, I J}Lo t^-u-4-<-uJ' 4-t-ju I J Ltfu-lJ 1 £ Lu | ^J3 
jl>«j V tiU 1 mjILU J-j.4 o ^t J-4 93 jl j3L4^Lj^^ j^tLo 149 ^1 ^>. 

3j_4JlU 4_o_l>JL1 3jIjj>JI i yc. (j I j « 4 <" < 1 1 

. 4-L<_u-4-t!uJI 4^LkJI £ J_& 11-1 3 mi 4 t rt M^VJ (^jJI <jL£U 

cjL>.jj Lo-LoJljI cjljLiil cj!j3 JcL3Hj <4lSl*II (j n4 mi 11 3j£"3>.ljuj 

3j. Mir. ^1 CjLvj jJI £j _4 4 1 Ju>. 4 _jJLc. 3jlj_>. 

4tiJJL3JI »1 4ir ^ t^>» 4 ^j_4 V^9 ^-3-jj 4 j^ tVi 11 j »^t-4 t nil ^yic. <-^VT 

4_jjj_lJ 1 Cj^LcLaHJIj } oU.L4Jl:VI q-C. 4^>*jLj q ii 4 Mill 4 ^LLs ^Lj Jj_3j 

3jIj^>JIj j£:L32JI 3juai c^i i mi t 3>4H ii 4 4_3-4^ij 1^j4 ^]| jUj 4 4_ l L l> .jj Jl-l^J 1 

(>4 4JjLa 3 <^I <r . Jij->.j)j 4 4^_>* (j-4 J-& (jr ^ 

:^Laj3VI (I*) 


jj-o (J^l 4Jb^ jl 3j3 3l^j ^ 1«<i3‘i l ^Iuj ^pJI 4 -t U .» JI 

, SJsLLa 4±&1\ £jj& i/-ill 
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gjjljJI lolj^ foiacl 


Vj t jloLk I Jo. Lfcj^_a q _a c_jj_3JLj q <i a mi 11 3jLa 4_bLi^ ^JLjj .(Jjo.f 4_^>. 

J.~ 4-JuL 1 Ml tl ^Lc j)JsD jj-iLa JO. JjLiU d %U <t 1 0j_& , U • <>>tl ^j| J_j 

C< i m jt t4 j < na Mill 4^LLaJI ^Iuj (_pil 4jjj-lII 4jjIjoJI 4-(-la-*J Ij . Jo.IjJI £_>j_U 
jl 4_Laj|^pi,l CjjLjjsslJt j)_a J-aK £_}LtJ Jj <3 Jolj 4_iLa£. ^.[g. 3j^oIl3_a 
^j j 1^ tl jLc (jiojjjLi^JI jLc. Jjjo«j (jyic (J-a-*J Cj jLcLiltl fj _a 41 mi! >» 
3 al U tl cijJLj j_&j V? 1 a 5 * LojLj C_j jL_g.La_I<JI ^Ji^Jj ij_iol_L*J1 j)_a 

,4JLjL^J! 4_lC 1 ♦ <~. V 1 

AlSl^JI CjIjUlII 4 r i <itl (_^Ho t4^joJ! c-tj|j (j »i a Mitl t**< h 4 cilljJj 
jJs 14_3_£> l__jj JIjLcLLjjI ^Jl i_.uk Ju 3jLo CjIjj^Lj L^jLa-t-u jLcg. j-tlj 
•Cill^jLSJI ciiVT 


jJLJI 4—L-t-t-u-a t^-u-a-tfuJ 1 JjjJa CjLaljjJI ^ojlj jjUj jLoVI jiuu 

4_3_U_LaJ 4_LDL^_a JiaJI ^ a > »n 4_£lj 4jj£j_a 4 3U ? a .. JJi^-a ^_uslj ^JSLtTu 
£_oUlll 1 ^ 1 ^ 4-u-u.a-tTuj 1 £_3 _iJ 1 j J_uj 4_ui ^-a-cuj 3aLxol 1 

.jjlLuiI! ^j-u-a-tToJl ojjI 4_al^ 

jJLl£ l_3J| (_^J1jo 1 Ua jj£j i3j_a JjV 4-n-u-a-tfaJ 1 £_3_J! jj(gU 

ijl La jJLj£ L_aJ I 30 jo. ^1 LfcjJ^S _il _ijj £j-u-u 1 jo. j)j <>if. ( jy jj jILa 

^ 4 j mi a mi 4 » 3 j ju£lj .^p-a jL*^ <_T 80 (J-uoj (jLioVl <_^J 

t~,Ur j 1947 ^Lc I Cjj-^Ia ^pLlI ij^loJl clJz jJI (j^>- '"" 

. £_>j_a jJLajJL^ (jj-iij 4oL_u_a 

Lr^l ^3d 3 jH£ Juu ^JlIsc .j La-jjj j-a-u V 3 j_jju-oJ 1 4_u_u_a-tiui 1 jiuuj 

SjILaJ 4_tic ^ 3 m 4 t L^J jU4 j_t^l 4 ♦ 3 iTl J-uaj La J-Lc. Lai *aLj1 4_*_jjI 
4-Lt-u.a-tToJ 1 4_*_3 _lII j (jl Joj ■ U ■ ..j"U j jl ^Jl ^jltLa^jVl 1 Juj 

jj_^_j 4—t-t-tx-a-tltiJ 1 j_3_J 1 j Lj i j_aj t ^ 1U t j CJj JoJ I (^ IjJ 1 j * j Q • " (j-a I 

CjVLoJJ i? j_A 1—«ii--Lj ^-OjVl (jjJLcj t4 j Ml J U l_L « _a CjVLoe_aj 4 jjo a 

Jli^loj. 1 o^Jb (jl jJluj t l_A Jjo j (_ < i < (i ij 4-u-u.a-tfui 1 j_3jJ1 ^ J ' *'* ^ 

L^J jy^aitj t_jj^lj i L^J ^Lc j_u_u_3j lLILlA (J-ujJ 4_j I VI L^jI Jlj 4_ajLsj 4-tL^-a 
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iQ »i4 mi11 I'gj-Lul 41jL^JI 4_uLjj_^L!I CjIjLuJI Ltftaj L$j? j-A 

Jl_jJj_j » ^" 1 "" 13 j-tTui \ (j_4 3j Ll>J I CjljLpJ I ejjt I ^SL^_3j 

. I . ^ <*?i t 1 ^ < f 1 ^ 1^ *)) A ^ -V | 1^ y ^ ^ l^-N | « ♦ t | I " \ V1 ^ t 1 

gtfj<St<L$«d UdMC 

1 j *3 ur& j] 4 j 4 I f. 4 _jIjj JLjJJI j_<_ulj c__*jL£ t M | t 4 ljl^l CjIj_u_u Jlla 
Q-A ^>«J i4j|j^JI 0lut (jy-^S »(J H A Ml 11 £yA 4_4j_>- ^jLj 

Ju9j t U-L^lI ^Ic. j .j I L^-Lo 4_jj- 3]L» 4j mi 4 Mil I 4_cj-^>«j. I 

t~,~i AM 4 t L^U^L 4_£..j-^e-^U jJI (j|^_lUj J}L>.VI ^Jl 4_u jL>. CjJ I 

Lc (jLcj_<_uj t Jl^scHJI CjI 4>Ll4 CjIJljj <14 Mill 4 <<^n 4 iS°j^ 

t^j-U-4-tiu-Il \ 1 >>J t . jLlL>JI (J-A (jCLc £j.} (J-OjV! U^jS 

^ 3 Ij Jl>. Ij 11 Jl>. J -U L . U3 ^3C->• pjAil t 4 <yt^i»tl jJLj l£*^JI 

- 3311 ^->jVI ^ ,,, J5jj^ L&U* t «>s jg. 

^L^jv-Lj 4 "1 i "1 a (jIdjVLs tljul j^VI J*Tl>JU 4 ^j_Aj 

(j! C.<- L ^tt-J i4j>-LtjJLl JjLfc ^JStill (Jr\J JLL4.1I 4 Lja-jJIj II 4 <~itl (JL^la 
jl_4_ILc.l ^Jl- 4 4 3 tl J_£Jj i^JuLb ^jL-^J (^1 CjjJl>. 

4_^LLaJI ( j-° 3 n V jl JL 4 J I c5L^ mi i 3Ll>JI 

.UiiL-yi-. 

^_LC. 4_J I VI J-AJI-U3 1 \ 1 IjLjjj J-A ^_p3jVl uJjS 

J_JL_3 (jjJLc Ij M M l ^JLSejJI 4^1!^ t±>-L>- ^lUI (jr ^ Jl >.JJJ 

jLJLJ ^j_u_4-tiuJI (j_4 CxJLUl L_t£^SLJI 4 jI l_4^ 4 l_lJjL?e_4 'j£,J-A ^j_4 4^ Lt-tJ-l I 

12600 ^l^^. l-*£~ j U 4 t3j_AjJlj Jjl Ur, 

L-d^LftJI t ^ ^ 1 ,>,4 4 _LuL_u L_jI£^J l_4 4-Ltfu I tL> ^jVl 3^^ 

4_LuLcJI C-4_l?c_} 4 a ULuJ t4jl_4 Jl>-^ 4_3jLLdj JJjuj ^ jJI ^jj>JI 

^ '^-4-L(-ul (_ < 1 miII 1 Jl&J I ^_4 3^l^_>iJ I J CjVjUL4 ^ya^JJ 

. L<L^fela-<^) 3^ 3 L 0 -JI 
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{jr £i <QjIj c (1 3~ La-jL^j jJl_u L^j V I LicjitJ Lul £>JJb ^1 «>> Atl e\ M<? , „ 

^j-q^-Jgjl cijjj U-3 ^j_A Ll JjJu LU-U / ^ 1 . >* A 11 

J_jLa33j cJ?ij Lj-tJajI (j I i^-aVI 4 3j 3*>- La I . LajLajSIj 
^Jj^v L^_ojj_L) i^£i t4 _uLjJ! ^ILa 3-1^ 30 Lu 4 -c.^-<-uj <>> Atl ^_l<-ujj 

^J1 A mi f 1 iLdjtlo i^j-4-ixl-S JJ_Sfc_A (J^>* <_>-3jVl .(j-u-A-tuJI 

(^jJI * Polaris ^ jU^tl ^se-Ll! 4 j|j £)£Laj a Mill < ^«U> stl ^L^otaj 

.^_l 1 dL>iJI c 1 JLuli! ^L^jI ^lc. ^j_oLlJI Jjj 
^j_3e_LJ1 JJl_lj La-L u V L£L_u 4 _jI£La ^ jt*>3tl ^-3tiJI jJujj 

4j^_Alii <£&js>- ^ jU^tl ^jse-Lllj . (_pajVl £)IjjJlI 4j?c_uj *4J^». £)_a jjJu (^j^Vt 

t^Jl4Mill < ^ <U3ll 3^ LoIxj 4_u^1j^JI aUrtifl ( jr 3_u V^_aV 1 jJalj 

djwLuta c 3 * i's> 1 $'t~>* L_u_a jJLu 3 ^-Ull^ 3j»j|_i BjwC aj rtj 4_tSUj 

c a, ^IjjJlj g.l_LJv VI ^j-A ^-j-TtSv^ j_a cr^ ,>^*-111 4^j|j (.pajVlj 


i Mill ciiVT (j-o ^jIdjVI ^_La_<_U ^y-lc. Cjj. <Vnl 1 -Cj 1jj-/^dLlj jJ 1 JILa aijL^Jl 

ijr Lc. 3j^se_^ILo 4 Ajh* tl L^KLufc <j_a | ju VI j3l ^1 L 4 J Jlaj 

• 1 (jS L c u 

JjU l_A-A 4_3 jL_u 3Lp* jLj! 4jlLijL>Jl L P»jV 1 Ju9j 

VI jj-LaLj 3 j1jl>. C^-atj Loj i^U.1 ^_ylc. 4Jjjia Cfu-uj j_Lc Cj^IcvI L^jI 

L^JJoL ^ h i tlj ^-^>J1 tiJllA Cxilj L«j t Juu L-xitJ 

^jl>.V1 4 -l uo jV' (JjVjJlj J 4t*> > <ij t j-u.;rJ 1_4 j1 J 4_u2>j-*-o 

jlj-alu-olj VI ^_La_^ui 4 _i^1jJlj>J1 ^JIaXI ^_l*j ^lc. /^l^ , ,.tl 4 jj_*j ^J_^l 

. ^-OJ^-Lt-LI Ml ^ 1 ‘ J I (I 

L^J LcU2^£. j! t4jJjSUI ^^1*31 uSjS ' * f 4 K*i lilj 

4 t?lr.I ^ La Lubj 1 dJJjLj LuLb 1 I ^J_A A i ii 

uLa_j_>JsI jJJLa 4_ljj_a ^ ^ jl t(jr jLUj <j_ojLi]! ^ Ls i 11 JIa iO_jl^ 4 _uj-a 




a! <^> <? tl jjJ l_j 1 4 *> <? \ c, I j_j_A-?tJ ^jIsjVI uSjJ ^ mi n Vl c-j-scjj 

^_a ^j_u_A-tHiil 3~>*3 4_tjj^j jjv t V 3^ 3j-L.^ 4 -Cj-<-uj 


J ^^Ull 3j_>J»l J_A Laj 
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VI 4-^-U-j V J^j?e_4 ^jlSLa ^yJI i^jjSJI L$-La <jru}LJI 

»«LcJu-«j £)j5LII tJiU- L51 


: 4_u_u_uj CjLLlLd Cj^Ij ^1 3_iLc <_p»jVI (j-LL Ll>.jJ^-l>JI »1 41r. 

^il LfcjjJtJ ^-i-uJLu l J- L jC> J-L^ 4-^La ^JlI jjv. I ^ 0 ' >■ £_Luj . 3^_tluJi]| - I 
(j-<a 4 _JLj_L ^j-o (j^SLuj l^p-a ji_j^ 50 j->- 4 ^ 3 t nj <_3>U]I : L 4 -A q\ a mi 4 

4_3_lL tC jI jLSJI L^-Lo (_ylt]l 4 _u_uL_uVI 3jUlI tC^ulj^Jl 

.cJjLxIl (j-a t^j^l 


14 3uil^ a ^_lc j-la jJL£ 2900 ^1L^SL^oj . 4 L> < <> I 4 3 «UtI -2 

j t jlI j_a ^j_4 4_L_ji3 La ^jjc. L^_Lc cjL aj-L-1, 1 ^Ic. ^•*■ <j 

. (JuJu>JL£} 4 L 3~<tl CjljJLail Jm i ti^l £jj$ u i1 4 3ttMl &JJb (jI 
\\ TTi^ VI ijHAjjyS 3300 ^1 ^>. I ^ a • “j .(3lj-tJI) 4jj£jJ,l g> 3 iLtl -3 
jL^^jl 2ULx iljL>. 4 jJLc 4_bL^ cjI5 ^Ij-« 4jj5La L^jLj ^L^JL*JI 

. J^- d JIj JljJu>JI L&jlj-a ^_Al £j Lj OJ) i?t\)J 4Jj)j i »j 
i^jIdjVl (j-lsL 3jlj^>JI CjLvjJ j_jju 4 t i it) L_3jj9jJI Ljjl jJj 
. CjLa !jjc Sj-jLJI (jr^lj-jjl *>U Lbfc-Lgj \-a~a LuojI lLU 5 (j^lV~ t <n (j! 1 m I c, 

VI L £j I 4 _l 9 t *1 >.*<1 V jJ I VI 4 ^ i Lu I L_a ^_u Luij 1^ 

llLLj c j_^ dU5 Vj jl^LI 4Jl_>. 3jlj_>JI j^jJh 

t4_ul^j-jJI ^1 j->a 1 ^jlr. (^jIL>iJ ijy IlJI 4JLL^JI 4 jjIjj>JI 4^LLaJI 

. ^l^-JI J «^»tl ^_<_ul I ^jl^ ^jlLj Oj-gj^j-A j|I J_<3 JjL^ 3jJO-^ 3 

^ I r. t( jLjJJiJI 4 j>.jJ ^yil J-ua3 3 j!jl>JI 4j>.jJ > n ij 

4^>.jJ 2200 !j^v. ^^yJI J_t-sajj i^^psjVI ^ L ,,, ( j_a diljJLa j-L^ 4 j^Lj Juu 

LcJLi^j jj^r <^iII <^l Sjlj^JI 4 >JlA (jr a^3^ tj^LA 50 i^-a-C. (jyic. 4j^La 

jru yjjljjv 4 j>.jJij 4l P»jVI (jlsL cj 4_uI£j-lII ^j>JI IjlA 

Jl-ulj ^jlajVI ( j_UL JljJ Mill tUt # <>itl (j| ♦ 4jj^a 4^.jJ 2200 -120 


J! ^3-U Clt- t SfcJ ^ jr >-L^3 3jj)^ <^11 C-'-lL- 


a^lUII t JjVjJI OJJL^ ..^jVl <ya 2LUISJI aSllJI J^Vj 

alo * t'^> {j-A i—S^LJ lJ 4_jj-5U,I 4jjJt /s~i tl 4_3 _lLJI 4-L^j^Tij U, 4_l^Tl-->JI 
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.JIjJjJI 3 jJ j_a iv.t cj^-<-u5o1 L^JLaTlvI 3jja 1 ^• *^11 La 151 
^j_A i U 3 a IjILajJL^ 150 j Lr^" (j^jVl L>^W JSL^JI . U» *>>flj 
(_p2>jVl ^111 C. O iJ Ju>UJ .£->J-U jJL*_U_(_4_uJ 1 Ltlo 120 i _^JIJ-»- 1 g'a-U r <( 
jL^c—lJ I j jL$_iVlj jl U> aVI ^Lj-a ^_tlij q _a 4_»_<a—*a=-T(_x3 4 _j_£j^». ^l_j_4 11 <>»jl 
^iUUjj jj-u-ujvIj Lujj 1 g aZi\ Uj^JUj 

jj *>■«t1 4 _jlj_lLj C-ct-uJ^-} 1^3^ jj_33j 4_u^L) 4 j x^oj I CjLj 1^>. ^LjJ. I 0juk 
LjJ-5wQ 4^>.j ^1 Jl^.1 Isi"n La oLJlI ^JlA ^j-aj t l _££.jjjj Lgjj^o 

.^ullJt 

i—»jSI5>JI ..MM 

4.luqjV 1 3j£!Li < CjIjLjlII <j_A aL».jV 1 4-gr jm.4 4 3 .U ^jj>J 1 <_5^LiJl 

*L>-jl j_j-a->* 1 gj*4 JL-sajijl V 3 Jl>.j (jj£j 4^j^>J1 J-&J * LaLaj 

4_3Ll>JU CjIjLuJIj (^jj>J 1 jl^3"((iVI ^Ulj lJu-^1 jjlII t^jlsjVl <_u£j£ 

. JjjJl J>jjL>JLj L-kjH*3 V t4_L>»LtaJlj 3jjLJl aI^JI 
L_5^L*J1 (JJ &J 

d 3 . U • ^^ «>*• < CjLLlLs ^j.lu^>- ^1 (_^jVl jjv aLaJLslII p *» 3j 

L$4>>- (jlliu ^Ull 4_3_Lkil (JJ-& t^-uui.! Jsaj^JLl l) 1^ 

tU i njiin 4 3iUii 2J-& ^LajjI ^jLjj t m! j^-uVi 

Cjl.i3~.tl (j-Ls j_a j jlj. 3~ i nVi ^ JlC. 4_3_lLs t^tjJl ^-Ia-<-u l^H-^ I I 

. 4 3h 4. t i l_3_uoIj_»JI c. < ^ < nti 1 mi n CcLv 4 jjj>JI 

^1 jj>. 1 a i (i ^-Lu-3 (Cj 1 3 .to11 JJ Jsa_jj>JLl ^l) ^j3 . mjj1j,~ . nti 4 3 iIo LaI 
'j j ^ 4_3 -lLs j).L»jj $:I1 4_3_lL> ^-^3 ‘ >Lt^ 30 

t4_ulj^JI cjIjLuJI ( j_a L^jJlcI^ c_jLx_u_Lj 51 4_uL»J1 ^LjjJI L^xLl>J 

. 4_a£Jl111 ^LjjJI CjIjLu ^-uL) (jLsjjljj 4-l.JojVI 3j£Jl p ^ jjv ^Lj^jjcj 
L^_ tS 3 ^sc-ljlS ((jjj^Vl ^_a->o 4_3ia_LA ^l) - >■ J->333 V1 4_3la_LA La I 

4jj_3J1 4 1 Mflr.tl ( 35 ^ 4_*_ti/Vl JjtiL jLc (jrtl (j^t^uSjVl jlc. ( j^s 

^Jjti 1^-LaJ ^JJ>J1 C_5^L*J1 ^j_A A^-^l 1«-^A t^j-U-A-tTui 1 l_Aj^3J1 

. 4 JLL 3 jJ 4 ^ 3 ^ 1 (j-<3 4^J A . <1 CjLLlId ^3^3 
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diLo jJJ JOj-^ 1 4 j < <i ftL 4 j^_lo 4_l*_&! A «Utl 

Cjj-jLUJ cJJjL^ I—LTl^jJ t jl 4 LuJI ^-Lt^ 3^_U-0^l]l d < *>■ , ,■ A 1 , tl 

♦ 4-t-uajVl 3j£JI ^Uni <33^ <>LioJI 

L^jjLojL j j-LglOj (4_LiQl,l A .Utl t ((^jjjVI 4juIjJI ^ A .Utl Laf 

LaLxJ 4^jt Mill fiLullII l^rtUllaj 4 4.ioe.<JI 4 <>> alJLH 

diljj -vi ^ If. (J-4 -a 3 ^yllJI ^...A > .tl Jsj^3 4_uoLo ( j_u_4_ t I'uJI diL cL»- tIuV 

4JjLLq ^_j ju£ljl£ L^jLj^pSJI JloI LkJuLdlS 4 L^J lj (j^sr < n^jVl jLc 


. Luj-^ 4_j^ I 




J 1^1 4 (j_a j-jJLUJI c_«_j|j ^IjoJI IIlA ^-LdJjlj ^IjoJb ^ 4 uij 


. Jo.IjJI ^^_jJI dil^jfl 3 JlC. 4_cLajjl j-uuj Jl 3J ^o. V ^ jj 





^-AjIJI^-L^JIjLSj 4JjLLa 4 3 «U Jjl L^jV-4 4-3-iiaJI o JlA JodiljLiJLj 

3j^_^i_J ^y_l I 3j l—t-4-U ^y_l I (J -4 4_lSs_t_U ^yj3 ( 4ilu?e_! ^ 1 ^ <■ — JL ^ J ^)_C. Ltlujj^ 

LjLj_o 1 1 $ ? f, J JL-to_J J^ i3jLU »j <>>!! 


4>Jl_& ^_Lc. J^JLLaJJ 4 4 _OC_<_u_3_Li J clj-COJ ^ 1 J A «^sj £ l^_<do. (jljJl dll j £ I JjUD I 


. Aurora Borealis (^^-lLlIII J-adJI) 3j_ALtaJI 


4 3tU 4(^joJI l_ 3^1JLJI dll 3tU 3j^p*V!j 4_4 ^laL>JI 4 3 iUtl i _ r lc. ^jlUjj 
J Ju9 £-L33 jI JlL^J 4_3jJail ^l) j j3 mij) > n^Vl 


jL» 4 M^jVl (j-43 4-^j, 3*14 dllj j L^j Jojda ji_x^ I 300 


4^-jL>JI Ll^_>oJ diLlijoJI 4 >jla (j^_i A~! 1 jljjjj 4 £fL>. jjjTt-uJlj 


. Luj-3j LaJm-Lc 1 <1 ^ in ^^y^^LlJI ts* ij Jlo ^1 





Jjoe-o 1 ^ i?<y4 4 4-ul <>>311 ^LtoO-VI oJJt ^ .lq . (j^ ''" ^ J 
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Ijl L r„ l_^_La Cjj-tTuT(jIj iO_a-L->»-iJ ^_>JI i"\j ^ \I CujI^ £c_jjI lj_^ LLaj 

. cL-^AJI {jt £> 

V ^jVl (j 1 14 j <? j <? ->JI 4_t£.l_u-saJI jLLsVIj LI Mill <?JlA (jrU JS^-aJlj 

(jI 4 jL 3 t4_ujL>JI JjuLj jljiil aLLJL 0 <?7s~ Jj <_jjL jjJ ^1 JI4J 

(j-a I V " j 4 4 _uLjJI IjHa jJ_x^ I I ^1 <>> 4 ^a < m^v ^1 j_L3 

. 4_j (_p3jVI 4_ujL». ^ '^\'^ 

(J-LL jl j-ui! X rt (jl t(j^-Lt-uJ 1 CjLLa j n (jl (jLlU-iVl (^JL. (jl 

4-j.c.l (<<otl jLajsVI tal t^rtll jlj-<_ul 4 ^jjlI ^Lj-L j. h~ n (jJ 4 _£Jj (jlsjVI 

jl jj-oLl^JJ a I j_<_u 4^jJI 4 jLc (-_sVIj 3j^>Jllj (j^lj*£.Vl 4 <?!**< V a 

4_uj^>JI 4_lc 1 ? „M1 jLa^Vl (j_a jji^>il edLafej . 4_>.j J-a^l ijr ic. l^latj 
p |U%I jl t JJlJlII (^J^LuaJ 1 lLLUJI J-JJ-U2LJ 1 ^ i^yCJ 4-U-u-<-a^tTJ 1 J! 

. l^jU^I JlIc 4_3cjjIJ-US 

Lai 4 <_p3j VI ^ L ,,, ^j_c, LfcJ_*_j C.<—ljv <j_a <d L tl jLa^VI CaljljLaj 
Jl-*_lj La j_A> ^j-^» A 4. > ^1 j| Jullj . 4 _jJLc. j I ^LjjVI 4_L_<_u^ILa j ~\ d <>> A 4- / ^ 
jl J-tl I JlA (_^ jLa^VI <jj£j L-H-C-J ifj^jVl <j_a ^p_a jJL£ 300 (^1^>. 

c_JJuaeJj ^aJ ^LVI (j_a JjJu?e_a JJulI (jIdjVI Jj->- jjJu ^I jj<^ 4 j-a-C. CaL 

jljJLl Lai .^j^>JI e^jLiJI 4-^jJ L ^-a tilli Juu 

4a£.LLt-saJI jLa^Vlj i^jIojVI ,,. jJLa jJL^ 2400 ^1j_>» . L , 11 

. CjIj_u_u BJulI-^jIsjVI (J^>* L^jljJJ (^l-Lkj-a^. JjlaJ jl JlU I JlA ^HJI 

j_a_c CjI jILaji- t SLII L^VVl CjI^ miT. JulT^ t4_jjL*JI oljljd! Lai 

.4JUI aLoi La i_^jl t L^-tS ^1 4_LC.i_Luail jLa^Vl 

a r.j U r (i £>£■ (_y^Lu^aJI ^ a rtll Juu (Jr^j 4 jJ5j_LJI 4^>>U]Ij 

~ w ^ ^ II J *\ ^11 4^j->J ^jj>JI L^Mc 4_ajLa-aj ^jlajVI 4_ujL>. ^1 jjwj3 

C^_Ua-aiejlj t4_ilc. ^jlajVI 4_u!iL>. 3 j_L_u_aj cJLs t^jlsjVI 0Juu jlj 1 aK^ 
..x>j-a£. Jjlaj lLLIJuj tx>jLui ^jj>JI 4_ajLa-a 

I,,, 4 4_x-udjVI 3^SJI ^ L,,, ^yz 1 / ,^tl j ^ ^fl c-j^ILal LI Lai 
^a3 ( j-aj 42^J ^jj>JI L^^Lc 4_a^La_a HJIxSj : jLjj 4_jlc ^^djVI 4_ujL>. 

. ^pojVI 4_iljj^ 3jLa (^1 i0y±c. j, 

4_aj^LII CjLLuJI ^-^>* tal <^<?tl 4-i^.Lu^aJI jLa^VI CjJl^I ^j-aj 


■> 
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4_jjj£LII CjLcL*_cuVI 4_j_a^J L^^Lcj (jlajVI iLr J*S\ CaJ^-lU 

. cJLLij! 4_<_ul^j^ t ,q r,,\\ 4_t_ulj^ , ,‘jt^l /♦ t,t JL>JLlj 


jUl 

4 fllt-ullj t4_3E_AjIii,l Sj-LJLt-aJI 4jjl_(JI CjIj^LII lLUj tjjQ l_Ajl.i (jL_ujVl 1— 
t4_J_jL<JI ^j_A I L4JJ 3 I (jl^J C-*^»-A-> (_pS>jVl JJ*. <0 jU 4^j_<_uJ 


O “JJ^ ^ * I ^se-iil t_JJ lscj V (j\^- ^yQ L$-La jBGjj tCjLiSLj^SJI 

<j-a J-c^i-u Ju3 JljJlIc t LlJJ j-u-*j ^£Jl! 1 tAlpha Centauri 

La jl-aL<Tuj ' ‘' < ^ '~‘< 4-u-A ^Acr ^j_u_4-<-4jJ! Lt_i L_u ^^2e_ii < 3^L*J I Ijla 

<- « j mi ) J^B L> u (jr^J 4^—Aj-BBj 4_}_aL^iJI ^JLjJLlI (j^nj (_ r 3 »1 a < *itl 

. LJL*JI ^>J| cjLlikj 


L^k. Jlk: (PJI ,4JUJ| iallaJI ^1 j Sj^UJ! ^U-iVl kUtb q^I <^2 ^ 

La ULp.1 j-Lj jl 3 ajt^r. CjI aj < <iy L^jI i(<Luj£L!l ia-cuVl) 

. |jl>. Bj-t-t£ 4 j 3LL diLi cLUjl! (jy-frS 4-Cj_<_u ^LjI 4 j}Aj ( j J A i_jj_Bj 

4j^r < <>B m 4jla!oVIj 4&\ t «^U1 CjLxjJ.! JIa t4_uj£JI 4 jlBuV1 CjLwj_aj 

J> B Tr "(J ^A-Jj u)j 1^1 AJ £)! (j^_*_U V <_j^>*J-A Jjis Cjli Ct^OJ 

Jj_B_j_ 3 t4 » uiVI ^Jl^J w B j B^.tl j 1 t \ ^ya j_uoL>J| CLl£ jJI »1 aLH 

jl^cVI (jAia-tB [&\ j-Bj LgJ-U <14 Mill (j-o Bj^Lus L^l 

Q^SLII ^jU 4j_o-VI I JlA i-LllBJI »1 q ir. j >" . ^.Lia-Bil a , „tl 

4 i V i LI I CjljLJI ( j^ 4 JjLa CjLj_ 4^ (jT ic L4JU J£j ^uIjuaJI cna^L 

jj--*■ JuJl>J| CjIjJ ^L. i4_^>»Ql,l CjHaj 

i JloLL j_A La L$_Laj ^lIla j_A La ^L_ujv VI (j_Aj t4_A-jL 4 £j^v jLJlI 
♦ 4-ul t^Btl ^La^VI <>JlA (j _a 4 T ( J L - u - a 4_jjjSJI 4_*_L»Vl 

1 a \ I ♦ 11 LLlII cjLlJ^JI 1 ^^ \ i4_*_ci<VI 4 _j_lAjJ 1 lUjLsLLJI dj 

s-tjJjj ^W_9 VJj ijjsJl 1,I Likjjl jj-o I ij a" y Cy^j 

M 
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‘ ' LaL>. 4juoiI ^j_a ^L_u^}U LaljIo*l ^jjSI (jr&^ ‘(j-^jVI ' <■ 3^3 

. 4ajjjJI lUJ Ij_L5E_AoJ| 

tjL£ Lai 3 j_$JI J 3~ n £)? 4_uj^J1 4 jl1u^L 1 ^jSLcaj 

julj-LlL^j ^1 2Laj£J! ^juiSU 2uKl\ ^LkJI 
<Luj)/>i!l 4aaiV! J^Lu ^1£J5 -Lj1*JI jj>JI cjLILlU L^jLbt-tfo ^j-A L^Ju^ajj 
. (jjSLJ! >Uj 4jufuVl dlij £)| C<-UJ La-A ^j_A 1 /I iss \ <p]| 4ojlja>J1j 


..>ai 

1 4*Tla-U 4a}UJI jl^LlXI (j^ajVI ^-La_<-u 3^ U A .J ^ 3t1 jI^-la (j! ciltluV 
t j_c 4 1 j <>i 3~ ^lc jase-tTa V J^ mi i x4_c.jj |ju 4 _La LLjjJlsI LaI^ La I VI 
. La J LLs 1J 4—Lt-U-^-tfaJ 1 4_C.J_AO><11 C_t^l lj£ ^j_A OjUiC. 

jla^ 3478 3j U 4 jJLaj tja-A jla^ l_aJI 38 j_st_a <_p»jVI £>£- j, a 3ll Jut-a 
c « i i a j La£ '3 «>> Atl (jylcj 4 _lo3jVI 3jiJI ^yl^. jaja j_Aj * jTLa 

^j^jVIj j a 3tl ^A-J t—OlaseaJI 3 jj 3 (J-4JU 0-L>. jja>Jlj Jill 

4JjUtt-o j-<u3JLI 4^>-ljll 3LLUI ^jlsjVI < n ^Jl!I aU,I tiijj^>a 

4_cLlajl (jLa i JjjLOt-A (jlajVI ^ L>,,, P IX| ^jV IjJaaj i4_JI 4ajL>. 
(jl till j (_yL*_*j (jl^-A 0 I jTu.il a 3-V n (jl Ja V 4a I <>L<jla La (jLSLa 

. 4_I JjLa-a jj>.T ^jlSLc 4-LL3a (jl Ja V La ^jI^La CjJlscj LaJu£. Jill 

3j_a L^Jj_>. jjJoj x JlxIj 4lv.jj LajI J (jTajVt «L>.|jj j_a- 3JI th^v^Ljj 
^yllj->- 3 j_a 4_Huij 3 jj>. jjJa 4aI tiJJLaJI »1 aIt, < »l tiJLIj (j-*J L J-& J ^ J 

J—l-t-u | ^J-U-A-LuJ I Aj 1 ^ Ls 1**M d>Un! ^ylc, 4 _Io_3j I I jlJ t J ^ U) 

a!jl»*VI La I t4ajlA 4 j>.jJ 4aL a <j_A t_aj_3a La ^1 4ajljav 4 jxjJ jaajo^ t(j\lAl^ 
4 _jLa ^yjl J ^ I ^ j 4 3ajj— lII £j I Jloc-lB t^- u-a-luJ I 4-t-Lu I L^aJI 3 1 ^ V ^aJI 

, j-3-aaJI Ll> j 4a^.ja 

I Jl^Jj i^jTajVl 4-ajlaw ^jjjJuuj ^Jl j^> ^JLa 1 4a_L*_Ja j_a_ 3JI 4_a jlaw 4 _Jo_l3j 

.(^jaw (—S^Lia .U1 A"^VI ^ Lr4^ 

l_x£j^ ^yJI L^aj-^l 4aLa t4ajl a < nil ^IjavVl q-a j a 311 ja_Aoaj 

; 3 14 a 4ouLLa tijLLA 4 ojL>JI 4_llla>J,l JaL iLajlII 4juLLa /^_Aa jj_Aj ^jTajVI 
t^j^L M>UI 3j_^>-Vl 31 a t*< r <ila jl 4aj-ua-iJI ^L^jila 4jtallll oJlA dal^ aIj-<-u 


•• 
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j jt j fdz-Ljj 33 ^ <-L'j >q 11 j cjLlUaJI ojjt 

tj-uif g 7i II 4_j_l^>jVI cjIjlcLjJLI 

i-la-L^IL-u <—3l miC*< 1 »V1 CjLcLo^>. (jl £tl>* (jjS t^Ll 41 is>\ 

VI ol jl jLaVIJ CjIJl£.LcJlI ^ ^ cr^ 

♦ J>Lx 

3Lg_c.VI J g <? tl L - <i i- l j 4_Lajt_a Jjl ^ J Vmn (jl J-^ T l>JU 

.(J^>.| ^jj>OJ t—t£lc^i * * Cj^L>.jJ t4_J_Uj Juil 

SVenus ^-alJu 9 l l_Laj Laju^. »1 <>x?fl Jlse-u-u !5La 

^_La_<_u (jj Jl-?c-h-u ^I ScjLjl2Z^uII ^Lj-a ^sjju 4_o_u^ CjLLiJ I 

i4_^_>J.I SjIj^JI 4ILl^J| JlSj 

jLcj jLjlIIj JLojJI 4 CjLijIoJ i.i'fr 111 J^L>* 4jjjJtJt gl g Mit' 

4-1-3 c « j « (I II . Cj l_jj_}j_5jj ^ 11 dlljLcj Jt_U_u£l 

d<_3jJl ^JLv IjJ-SLo-lj dULaJI »1 q 1 r. £)l ^\ Ijufc £y£. CjLopIt U 

IjJjJlLq 0jlj_a JlJ Sj-Aj-J! c—i^SLs /d *». U>,,. 4 j|j ^j_q ! 

La Lr k. <—3j-*Iu (jl (j-* 6^1 l£' ^ 1 i4_uj_iJI c_<- 5 t_uJI 1 

^j-U-^tTg] 1 ^yC. JUL-Lj 4_jl L-S^ i^yC. IljjJ,l CjLajJjJLI Lc | . L^H>iJ 

j-La^ (j -4 ji-x^ 12300 ^j-La^ Lai tj^La jl_j^ Q^-iLa 107 ^1 

Cr^" (3^J ttlo^p_a ji_x^ 300 

C_JJ-S_J La c j^_a^,LH Jj->- (JIjSIjJI tfjljLa ^£> Dj-AjJI L-£4lC.j-ljj j_Luj 
j-j-g-lj La_^ l-^^Lu 4-caAl! • L A" ->■ j t4 _uIjJI La ji_x^ 35 ^j_a 

. 4-L<-u-q-Jai 1 «LC.1 ^L>. | C__t£"^ ^ I <LcaSLftJ 

gl gUII lJiLLLI jjj tcJijIiSLII (^jLiJI ^l_La]l I JlA -ij->*j 4 j?c_l1j jj_a ^ji£j 
lj_A £)! ^JJ ^>.I^JI (^Ij-Ii <- > ^ Jljj tdj-AjJI 3^ 

VI 4_i_u_a_j 33 ^ V * Lodi J Jl >»3 ^^ 5 ^ ^j-u-a-tHJI c— 

<( ji ia Mill JJalSJ! fibljjJ 3jLa tLajJ 220 3^ 
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gJjljJI Lolj^ pHcl 


J~UI$ jLfaJf 

Jjfc ..JjiL-uIljj <—t£ljJLLaUj (jr^ Lul3j- 0 4 iMtU) 

. ^j_4 J JuLl ^-TuCu C_^lI^SUI 0 Jufc 3^^ SLp*. Jl2w.jj 

LlJj-C <_a.iLtxaj LjJlIc t(J_cl 4_Ljie_j t-jLuaj £)Lp*VI ^^aju U^J 

t ULa* ‘ ^ j ^ j_la-La III j. 4_La Labial lil ^jJI tMercury jjLL^c JiLa 

. 3jL*_ae -j_4 4_j_}I_4j 4-t-u^ dajU-v 411 VT) (jjJJI i _ r J-4jL?e_j j_4 ^_La_«_u 


^^^a j-jSLflllI jjuIuzj ^jlSLaj ?. d ts> c. .<-^-<-ti 1^SLIl 15i^>JI 

4_Lc c-jI^H^V! 

4960 £j-La_3 jJLj (^J-ll ^ j» <*M1 <—<Jj-i.II t Jijl t^f. L-t^ 0^ 4j1 

j-Lu <U 3a Lojj 88 ^^^a SjjjJI ^Tt-ta (4 _uLjJI 48 4_cj_(_aJI l±11j 

c_jjJal 4 jI ciJU5 L J- UCi j-Lt^ 58 ^Jl^j_u^_tHJI c-t^SLII JlJU 

. 4 j < ( 14 M i l l <icj-4^>Jll <—1£| (j-A JL>.T (^1 ^j_4 jl£l L^ia 

L )x>-g.j <_^_a 4j_4l£^ 3 jjj Jj_». jjJu jjl Ur. (jl <j_4j 

4jv^j ^j.u-4-t T oJI 4 _^Ijj ^a /4J <j-4j ^u-4-t T oJI J^>. L^ta JJ Jj 4d 

4^>.j_i 4_j_a d.t- L> . ^JljI jl^j Jijl Ur. Ju>- 1 £)| ^1 t4_4j|j 4_«L-sa j 

L 4 I j- ^ t ^ 4 j^j_4 4j>.jJ 300 ^j_4 ^1 3jtj_>J! 

4j^ 14 237-^1 3jlj^>JI <L>.j_} o-o. ^Jlj! J T tia jl>.VI 4_>»jJI 

.(«273-» 3'^^ j-4-t-aJI 4 j>.jj qjq 4_ijjJa (^l) 


4-C.J-4—>l! 1 JL-Cul J_^_a / ^ »>SJ ^ JijLLajC. L-S^ ^_4J?tJ I JlSLaj 

j>jl U r, <U ~ . Jl>-Ij cJa^ ^ Lfcj^l 4_j 1 l_4^ 4j («4 Mill 

^l_33jV Lx^aj Ij t4lLu3L>- fU 4T(iT(^ c-.<-u-oj 1 ^ j 1 ^l^^Ju 4J’jjv 

^_J5e_a_) j-Ii 4VI t^U-4-tfuJI ^)-4 4 jj^J to ) L - i5~ 4 jjIj_>. 


tai >fcit <Jt 

'pj 1 3 tl JlJ_4 ^LU! ^1_4-Tla' ^Ir. j^sr"(( mI j^jJI l_x£j5JI liU j .. 

.Mars c_ijj>J! 4 JI ^4-<jjI 4_lIc. 3 ^^ j- 4^>*V! 4_jjJ <_ <«(mi 


■’ 



pl^gjudl ■ ■gn’illg QgSJI 


I CjIj-LaJ! 4-LtTaJ La JJ ^ LJ Jla ^j-ju i_<.l<.ujj 

^LaJLa^U SjLjJ 4 j mi a mi 11 4^j_aj>JLI j!£| ^j-a c*j9jJI 

£j_i aLaJUJI £-3^1 dJ3 (., ■i-U.tJl £->-J^ L4JJJ ‘(Jj^?til LlCoj-aj 

1 a j 4 _ujJlJI j-&\ Ij-LJI dJj t_ «i i n) Lajj j| <d»L,„ 3^ SLjjvJI ^j-A 

JSLii 4 jIj-CJ 4_lL- JjjLLVl jLfCjlj 4 j«U4 JlIc Jl lL> J1 ^J-A 4J5-0 

. 4_Jj_>. (jjjli! (^Jj-a-aJI 

j-ajsc-Jj t4jjJ <L>.j aU (j-* (jL_uj^/1 j_uiuj 

t 3 Ml^t 4_ol 1.^14 CjL£j-A 3JlC Jj-ojl ^j-C. CjLajJjlII <j_A JkjjJJ 

9 2 ^J5LjLs L^Hjljjj 11975 »L> « ..A > 20 I ^J5LjLs Lajl>.T 

-^jVl £^4' j_^=“ JtWJ •f'-» J ' o-^> 6-° j j 

.4:9^ 4jujVI CjJl>o dJ jJ j 

£jL>. 4^ 1*4 (jr ^ jjJu j_A>j t^j-u-A-tlJI (j- 4 I^ju jJjJt C-xSj5Lll j_A 

Juu iLa-t-o^IL a ^JLjj 11 Jul V ^AJ ^j-aj (jIojV! dl3 J^LLaJ 

^JLjj i La 687 L^-l4 jj^_} ^aHjj j3-a jid (J^-lLa 225 ^j-oA-tllJl 
4_j_j3L>JI ^j_a 4_L.lc. 4_u 3L>JI (j-«J (_p»jVI e_d ^ j-L.3 (, 3 tsi) pj, L>4 

<_a>3 

$£C 5L» dLA JA 

2 , I g-LSoLaJI ^Lj^j-a L$j C/_aLj 9 c-JjLselll j-jLu 4_1^ ^aJL*JI dap 

CjjJjS j 3 4 ^rli <11 3i^ 3 Ljj>- ^-La ' 4 133r. 1 11975 

4_u^c CjI^ j-i3t_A LiO j 33 tjcj^J.1 jj_A 4 _ajLs Sj^LLd 3^ ' 4jjj ^yC. cl)Ll£L>JI 

♦ JLp- J5 - 3^i3 4^jU. CjI t j- ua ±»\ (jjJ CjI5 
c-4^l]| 3 ^_aL1d 4_<_uIjJu 3 1*33 ^JSLjLaJ ^jVI 4_jjj?c3JI C<_j15j 
t 4_jj) />> r. 3 ^La ^1 jij_5^£LII Jlu_u^I ^Ij 4_uI£LaIj ,^11 jj>J 

dl i A CcjL^ 131 La t^_LL^ 3^ <3 m 4aLa1*JI I 3 ^jLllil C«-uj 

Ji-b 3^1 i—jjbcILlI 3jLc.l .V j»l . 11 

(Jj i.-i->JI jojj j<sJ ij^a- 1^1 T1 Cjjso 3l_o. 4_»3 tiJLuk ebb bl La iSjjtl 3-JjbII 
jjla ^ «ba»JI jjja (_£l -5^ A>^“J 

Jbjjjl (obejj lilljj OJjlII SjjJLajs CjJL^. I jl CjJ^>.| i—ijbtll! JJLc. 
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gjjljJI Lolj^ foiacl 


£)! ^_jLu ^ic Ij^Iaj jlt^l (J^».f 4_uLua^ 

( j_c, a ♦ U1 3 tt j_j_c g^LUll ^ j_^j ^jjJuuLg JJ^j 4-ojl5UJLI 4j£jJII 0 j_a> 

. 4_jL>»I N-JJ 1 t^aLc (Jlj^Jt Jiajj < Laj^j aJl£. jl 3Lp- Jlj^G 

{U^IV fj** . .fcrf j*lf$ 4-if jll 

Lrr JL_jl_j ^ I f ■ i__S^_*_jJI ^JLslII C< mi AO I ^1 Cjtfll <Vt<Vl L-Otcl (j-A J-*J 

4_j£laJI jLudjVLj ^ l*~ <**i 11 jLtajI 1” 3lj ^Inil La-A^Ju-saJ ljJa_L9 t^jjJ.1 

! Jl_& <J_j_c I C, a I I JiJ->-J £)L_ujVI 4_jI La£ t^jLaJI JlL« 

1 ^ J ( _ jr Lc. ^j-u-^-tTui I a .j_Gd ^KjuI 3 ^£i c_<_u_ujj . ^j?c_>J I ^Ju^ail 

LaJ-u i(Phobos ^j_u j_jj_^) 4_jJI t-jjjaVI j, a311 4 j|j £)Lp*VI t_ < lr.I 
OJU ^ ^ O'** (J^J * 4j^IxIdJ 4 Jj 9 j o Jju ^a-Cj (Demos <j_uj_ajj) VI ^ a 3tl 4 j|j 

j — t - a- T i-jj t^^psjVI Jj->* j. a all 4 j jj Jlj (^jJI ^ 1 tV< 11 q ii 3 n jj Jlj 

-JLjJJ J jj < n jl J_a^ i^jjJLl mi J-a La^Jj-aj £)lj_aJi]l 

C_JJ_J_3_J jJs 0-3 jJI jjj-aaj ,<U> 3a ^ILa ^ 6000 ^_^JIJl*_lj 

. 33^ ^^O' *G^L>JI C ^-G<- 5 3^! 0^-5^-i^ 

*>U obi-* J-*-*-* o-* d^>- o^j-^ j J o-°>^ ob-*^ 

jll j_Gj La^3l tc-t^jSLII \lxJt 315^ La^Ju-sDjj Jt^cj (j^J i<Luiaj Jj->. 
^jl_b C_jj->JI 4 JL) LP 4 Ml 6-^ ob>*di ^j-iil (j- 4 

J-i (jl 31 t4_I Qa 3 a Lo ^ 3 <^>35 4_u_uLl1I mhII 1 jUr. 1 4_jjljIj 

.(c^3 >JI) ^Lula (jjtfjyJb La->-U (c_t£,jJI) <?l-L » -a 

4_jLj a A,^>jt Jupiter " <lt I,I l j-a ^ »>>3tl jIjj Jl».| c_jjIL 3 I jJ 

4_j ■ j ~»- 3 a (_j j_L>JIj ^1 4 Mill ^ »>^ai Lo| t^jLSJI ^_a->-VI ^1 C.<-ALl!I 

.^HjlXI 3 jjVI ^1 (_^-tail J-a ^jJlu Llu-uJ a ^ lt^ ^ 1 

. jLa-3eTJ.I J_j^JI CjI^£j t4jjL*JI CjLjj^_>JI fiOfcLla 

I3 h i?a 4 JIjL^]I CjI Uj^iJ .1 ^j-a ci^-GU j^l mi (II jlita Lai 
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j_Lu 4_uL*J I lJlxcsIjjlII (J-cae-t-uJ ^Luz-i 2 JI 4_Ll*L_u 3^-^v. | | Jujj 4 l_LC^-a 

^£> ^-t-uTtSo ^ j <<^>Lc. I L3_>. 4 Cj 1^-ILaJ.L5L? 1 (_SVI 1 &" ,c j ‘ 11 

' LaJ 1^>U£. . . (JjLfc L£^ ^ J-U 4 ^j1djV1 

j-t-a-Ti-j 4 _jLs jLl>J1 ^<u-ul I Jl^J 4_?&_ujj 4(j <1 <; Mitl jLL$! q-a 4j 

3jjLs L-tJjlj d *>■ L / ,, Juv^j La ^_J_Ll_>0 3jjLj9 l 3 j-J-l£ C-Ju.LV- 3j_3j 

I jl 1 ^ ^<u 4 L^jIjI Jla CjL£L^5LJI ( j-a j-u5LI' c_jIlv (jyic. 

4_3L_u_a ^JJ <j_a dxJjILsl 

Sj—tlu-C. £)_a c_jj_jj La I ^3_a jJL£ L_aJl I 38 jjv. ^ L a £_Lljj 

(jjj ^i j j La-Lu I , 3 ^ 1 1 j 4 jjj L>^J 4(_psjVI t-cSjS' j-ta-S (-^Lt-<Ia? 

l£j- J J > 0 Ly - L 4.4i-Lll La^JL^ ^yJLl (jls ciJJj (jy^J 45,5 (jiDjVl 

. 3jLa ^j_a l ^Tu,aiJ ) I l -£fibjlbtj La-4 ^_ r ic 
j-A La j| 4 ^^ 3 mi U ^ L, ,,, ^j_a i * - 1 <s>\\ I Jl_lj ^jj| Jl».| ^aJLu Vj 

c^VT 3 4 >jJL*j ^ 0? JljL^ v 44,1^11 4 j^jJL 1 2UL5J! jlji^a 
^aSLt_a i—S^Li^ jJl_uj 4C_j^ U <>nj CjIjIaJI 1 ^j*4 ^j-aJ a IjjvI (j-4 Cjlj3LajJL5JI 

3 > _ h £ 4-C.^-«-aJ jjJlj (JSLju c-^j^-t-u L^jL^j 4 4jt3_a-4 lLsjLv 4_j 

(^TLvjjJu^JI ^j-a 3J_aj^_a CjIjLc (j_a £)j£jjj 4C r t^j5LII ^j-a 4 _cvjL>JI 4 3L>U1 

» jj l mi (t lj (jLuJJj 

4 1 mi < t Lj 1 % j U 1 J Jl-lj jIuLa (j n a Mitl ^^3 uiU 

lj3La jJL^ I 3 ^1 jjv ^j-u-a-tlJI 4Hc.^_<_u jJjJJ 4 4-<.4l3j (Jjjv. 4jIjj J 4£-j-4oJ 

LljIJ-L t-U ^j_a 4 _u_d 3^ ,",r ( j_a c_jj_3j La_j_S L^Jjjv. 4jjjJ ^ujj 1 4_uljJI 

.^ILa ji_x5^ Q^LLa 773 (j (i a Mill c-4^j^ Juu jijJJ 4 4_u3ajVI 

j-j| L^-a-A? lj-a-^ j Mir . ^^JjI (jj: njijUAil cl? 3 " J3^i5 

( _ r 3 cULlI! • lj~ijtLaTj j)~ . Jj W-9JjL9 

. d -»■ U . .. j^Jlc. jJljJ ( _^ r Uj 1 dijL^JI «lj_4d>JI 2 « o , II <_£JLJ3 JJ& l£j~i :UI 

MMlallxIjrtAilMuJI 

d_^S_Jl) 1 ^ j 1 r- Jj 11^ . . \S)~' ^^_La _—1 3J_j_d-d d-dia-Ld idJLui 

«l>.j cs-^ 1 4~ • 11 U S-Sjjjs (jjs juu »l cl»tl jjSLddj i((_^jjSUI ^!j_«d*J! 
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gjjLJI lolpHcI 


£_ujj (^£ JjjJI <j\j ^>.jGj L^jjJ dJjLfc j Juj t4^jJI 

L<fc jl J-Lol ^-LtJJ JSLt-gJ 1 d_Jjl_L^_LJ 4t_t^J^LJI {^-A U-^aJ I djSUI t * < \ 

*jl Lo jl_£ lJiJ I 24 Ijjsjxj jHo jJL£ <_dJ I 48 
jju?e_^ 4 1878 ^Lc. t ~~, <1 jJa d <>>^1 ♦ tl 4 _jl2_lII £ju& CjjI^ jJLI j 

(jy-Aj ^jJI L^jI j_i£, t ^U! dueuls I j j-i£. (jjlll <G_aL 4jloj 

dlljLjj C-s£j£J| £-A JJ jG Jj L^tuls J J-UU ^ 4 t- £jL>-Vl d U., ,.tl CjLs^LjlII 

. 4-u±aj Jjus. ^jGJoJll (—(jljJJ ^Jlo dJJLaJI »1 oif, L^JiitIu_ul 

U in J-dld Jdl-A ^Ij-O^sJl d_*JLJt (jl »1 4 U tl ^yStJt-} JuSj 

a 1 1 j Ju-ajJ I (j£U j ‘ ^j 1 f ^j_o d_£ jj3 Lq- l 3 I j ^j_o ^ 1 1 ‘ “ 1 LI * ^^-lJIlI.I 

1 *^> °>j (jL^j-jJ! 3j_£Ls cilloJI »1 o i f, Jjus tdJjjLs (J\jluj (JJuQ (jylc 

l-«-L<.^ ^_ijjus d ♦ 7t 1 11 ^j| i^uaL>JI £cus.|jJI ^ IjJIj . LjLj 

Cil 3~J I I 4 \-$l\-*-a £J_Gaj J-LAJ J 1 <1 4?J ^£ljJI I Jufcj 4 {Jj~ <* M J->- ^uLc. 

jJluj j*j_iGJt diljj J}L>. jj_u L$jL^ 4 j^>JI ^Lc! er^! ^IdL^JI 3jjju>Jt oJlA 
I-Aj-u-u.^ «;Ij_oj>JI SjjjusJI &l\Jt> LLsLujj . (jjlll !j_u£ LjjLua_u ^L$Lju 

L_OJl_lC 1 $ K tj 44>JJUfc-d £>£> CjJULblj JUS. ^Lcl ^1 CxAi3Jjl La I jl 

4-^iipl j Ji jju Lo Jus. ^J1 1 ^ d tl ^^_ul!I JjLb 14 ?jus. Jiwlj ‘ ^ ^ ^ 

.jlla&U 

«-JI .. & j 

(jl^ 44j I (14 Mltl < iC.J^>«J,l <—4^1 Ml 1 I L-tI jl 

jlLo 4_jJI jUajVI i_j jus. jlo^ 43^LLdVI L^JUuwf jA Saturn 
^j_c. Jiuj-J V 4ulb dJjusJl! (J'^Lj 4_jJI Idj-laj |jl Lol 4-u-AJ CjLoJusJI 

. dj_L0-o Jji- 4u^Lis d_La_oj Jjujc- o duj£" 

dus.j j^Lc Jus.I ^JLftJ Vj 4 »LqIaJI ^Lol lj_»J d_uj_»JI ujLoiusJ! oJJt> jJuuj 

^fL_j (^Ij-Jlj jus. Cj1_SJL>JI 4>JlA CuJjSu <-Ji_j^ (jA_o_jJI 

Jjj jjLlj dJSLIj 4dJ 4 juLj ^pil jU^Vl Jus I LLflj L^jl dJJLaJI »1 oir. 
^jlj^j till j 4d_Lo ujjuJLj |jLx_4to dJ JufcTu ^jl Lo J_Lc. d_ujSu 

. j-LO-O ^j-lSj ^4?jU JSL 411 Ljl t^> miIIj dujuVIj JLojJI JsajjJu <?ldLflj ^j-o 
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t ^TuLfl IJ £-a V «>» • < Cj LlJ_0^5E_a (j_a J^j L-&^ Cj 1 ^1 1 jj j£jJJ 

L^jJajJ (J^LLV! Ct Ll ijjl jl£i V L^jLa d^cj L$jj|j d>^-«f lilj 

^Ij^s-Vl jjJjj . i_i£j£L!l jjjs 3 j_ij£ tlilaLjus ^1 jCLcj L$j| £-a 1 1 g’s< 1 1 n <tljaj 

i<Lo»jl_>J! gl^_>.VL} 2bjUIL i3j- 4-Cj-<-uJ L r^J^ CjLiL>. <j_a 4 _lL>.I jJl 
4jJ>j^ jU^I LLlj ^j-a <Uj£La dLl£^ CjLiL>JI <>JlA (jl jJ 4 jjJl>- jib La j_Aj 

(J—j—aJj j_>. j5 gf. ci^jj <—275 ^j_a t_jj_aj La ^-Lt-t-3 

JuJl>JIj j-5e_t-saJI (j_a 4j^£^_a 3l jj 4_Jj t^^_L»JI ^j-a CjLsLLajj 4LJ^Lla (j^LaLLaj 
29J 5 ■< a mi t l Jjjx. 4_jjj_} J^j . JliL>J 1 (j-a j j) mi°i L$Jj->. L_nltij 

<-_tJuu t rtt (^1-jILa ^jj-tia 1425 ^1 L^-lc Jut-uj t<Lu_u 
3^ miT. j . - L 3a 4 _o_l3 J 14 ^ CjLc L_u 10 (J ^ d , „ jjv jj Ju Luj-oj 

jLa^VI 0 JlAj 1 1 <>>♦ 1 1^ <>nm 4_LajljHa 4 a tVt 't a jJuj Ij3 

^-j-^L<_u 4 _l5LIj ^jLc i_S^L_c 4 J JljjvjJI ^_0_aJ!-(jLLjj 

(Ju/jIIuIjj LjJ 0j^4i 0 “J -&K-)Ij L>"La-Laj <_>«-» L>- 

jjJlj Lo-Llj tL-tS^SLII 3LpJl (_yULi {^2> jj JG jLa^^l 0 Juk i j r a 4 » > ,nj 

. ^ > (I^r. ^>Uol j_<a<L*JI 

wujiil mS^ii ..**) jji 

L)^J t^u JloJI Jila 4^j)j-*J,l 5jLu_aJI j-A JloJ 

4-sr < m ^Juj Jl^ 3 t^aJL*JI 4-tTu-A J^Ij1j 3 I i_a_cu_i51 I 781 ^Lc 

c_t£^5LII I J_A jJuuz l-j-u-uJ *^ II 4jlr. ^j.uSLtJj 1^-uLua £_a^U! 

La ^1 (^ILa ^ .L 5~ Q^jJLa 2860 C. ^j_oLaJI ^Juu 

J J-^ 2 J_j J_C OJO^ o ^ *Laj ‘ ^JU c h*i>> (j-a 

tc? _jlJjl <—*5^5111 ciiI5 Uranus <- r x£j^ gLuaiJI ^Ijj J^l 

Cj Laj-L-a 4^jl1 J-o>jJI ^,t <.u 11 j_A i jljj ^Ltia^ CjL^-a JL^jjI 

. jLUuil L-t5^5L!j I JlA ^j-C. 

4_ljjJLII 4j!jj^ 4_ajjia t I jj I <—LpLL>J! (Jj3j 

lil t4 j < t ia M i l l 4 _Cj^j>JU I^i i yc. L^jj- L a T u (J Ii g M i l l 

.tiJJj c jlu aJI l^^ju (jl 4 jjI^j ^Jj-o j lH ^c. oj^Jt-a 
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^ j’jjvjuj 4 j 1 ^j t«ujL>- ^ylx J-uw j5l 

<OAll CjLjJlII JjJU l_ 4 ^ 4 <Uj^ 4 juIJJ jjJU 1 - 4 -t-U JIU Mill (JJJV 

<er A>UI jjL* ^ LkjukLlj obi^' 


L) ^j-o jjIjj i ‘ k 

Si U t II j_c L-j£j^a ^jJIj tc_JLajl ^yl^ljJI $ija>JI (jl SUj jjjJJ! 

4_jjJl4 4j>j.} 170 I J-Jb Sjljx*. <L>.jJ ^JLjj . jjiaJJ jiaJtJJ 


j-Lioj OootJ Lj^LtiaaJ ljlj_4 <L<_tuilI Jiitjj j-Aj 4j_3-aa.ll Clx S 

j-Lu 4x.j_4.oJ 1 31U r 4a 4-LaajVl Laij_Lt_u j_4 4_u_u 84 SjL4 t3 Jas.|jJl SjjjJl 


. 4_uLl11 jILa jh£ 7 

J^Vl JjIj ^yix JjLooSj jUll 4_otL4J>. J-Ujjljjl <—4^5^ ^.L^oo J ^ k J J 

. jjjjjlj lallLaj ^^J_ojj-«Ij biijb 1 ^br}-* 3 L?~^-9 ‘^LLaJlo 4x.j_t.uJ 


jUJf 4j |*&%£ ..^ 

4^Jj mi >11 JxjlII SjJlSJ Ijl aalul Neptune jjILu c—4^j^ t—al MH<1 JlSJ 

tiJJLSJl 41 41 f . < 5l * »1 4 Mill }Lsl3 4>Jlusj 4>.}jj**jj j-lTJI fU JlS^ 

4aljx3la 1*^-^ IJJ < 41*4 J 4ju/JjljJ^ C—jl J_4 l^lJ^*->1 

j ii 3 1 ^-3 t-x£j^ Juu 1_4 o3 dt_a 4C_4jjxlIL> 4alSLd ^ 

4J1 ^_o4j! 4^1111 c-xSj^LIl Ijla ^ylx 3IL1 j^j «cb^ o-* jl5Ul 

jjJ 4 \ nij ^jJlj J- L 4-U COAL]! j t^V^Vl 4ajJ (_ I \ I It) t jLajjJt JaX jLotaJl 
4xj4j>«J, 1 4^>> U^ 1 <—4^1 j^-ll (j^- sJuitj j3-^ u s^j^j • 3 ^-^-^ 

^JlX 4 jla-JLl jlx j- 4 j-a^t 4_u^ 4 IJX>-1 VI t4j t n 4 mi!1 

♦ 4aa- l^i 1 m j -L ua IxVl j Cjlalj U <>»VI Jjjkj 

4JLal^ 3jjJ ^-lax-L^ 4 J 00400 JI ^jjaaa j-louJJ 

jjj_a Juu ^_Laj . 4_a laJ 1 jxa jia^ 5j 5 ^_La 4x.j-ouJ 4 4_jxdj I 4_Loo I 66 
A •>■ L>,,. 3j^ Sjlju>Jl 4awjJ ^4J t jILfl jL& jjaJLd 4800 J.U.4-4T4J 1 jx 

p ^ i>>tl jjILja .. jloajjtx, jlj_4^ 4Jj^. 4j_Sa-^Jl C-t_>a 4 jjjl 4 4a^-jJ 220 

4>Jlaj tU t Mjaaa j_La jJl ^4J?eu>Jl j-ti-taail Jljojj jjjs jJLj£ LxJl 350 Juu ^_ ;r lx 

♦ JX4 jJlx^ jjjlxs 8 L-t^jSJl jx 

44 j < M4 Mill 4xj4u>J»l 4-al5Lll jl-4^Vl J-Sj1 j-A> 4 jjgjja jl J 3*>t 1,1 j-cj 
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pl^gjwJI ■ 09SJI 


4_i j I J 9 ft i iij Vj Jl>. 5j_o^ £)j5u <jl Ju V i !j \ ijr Lsuj 

.(jVI C-J3j l^^LJlII ljufc 4 j|j 4_jI ^Cj <_3^Lc 

JlJuj Juj_jj 14J 4_u_ailLi 4 jj 3 g <n 4 £j->- (jljij < mJ (jjILu 

1 C 1 ' .1 a t j 1 1 , ,1 \ ^ q a jJ| ^JJ 4_Lo I cu^_3| 0^1 Jlc £)| 

ijuLa jJL£ (jj_tLa 2 5^L_u_4 ^1 (jj-u j cjLujJLI <_jjj9? 

.^ILo j-L^ ^j^jJLa 10 4i3L.JL I £Jufc J-L3 4_Lc JjlLu 

Pluto *£«it f j&lt. 

4jJl5cj Loj 4_ij_<_uVl c-^il ljufc j-al (j-° 3j_p*. tillaJI »1 <; If. Jlj Lc 

(jj-SLj (jI Ju t 4l>Ux]! 4utjj9l ^_u_4j CjLIj_Lu^I £>-* 

. 4jLaU 4JLuij £)_iljua (j^SLo 4JL*Jj I Jl>- 3j-u^ 

4u*.jJ 220 c_x£j^LII Ijufc 4 to <(ij-2-il 3jlj^>JI 4_».j J £)l 1 rgif, I5lj 
£)l (^1 4 JJLlaJL! j A 4jvjJ tju*» 4 _lJj_ 3 d<->u 4 j^j_^ 

44lf£ w ^JLj (j! Ju V i4_tliDlu jl a **-U, ,. lj..< <1 4_l3 3 jLo 

JuLa jLl^jI jJblj ( j f A jJjJLl L_t£^ jl JLO dULij! sLJf. t- mi^. Ju9j 
jJLuj t4Jl WmtVl j_u^ 3Lio ojIjl* £>*j 1 1929 ^Lc ^ 4^Liu^l 

^j.u-4-tiuJl y>- 4jj^J q£u i J- La 5880 ^u-^tTuil ^yC. djuu 

(j „< tj V ^^3 <14 mi ti I Jl>. I Jluu JUjJL uSjS Llj . 4 -u Jaj 1 4_u_u 248 

jJl_u j-Aj 10500 (^Julu V (jlj 4 _usL>. Mtf £jj* 

4 J 1 r. (JJLLat Ijl^Jj i ulj) < n U 4_5UL>- »1 4 < <i 4uuuu3j4 a U 3' ^JSLju 111 

♦ J^VI u-SjSJI 

a U 3 i^-A^ jj_<_u! *U/,. jjjL c_x£^^ ciJJLuil »L^-lc. jl3Uuj 

qLUIj Luj_aVI (JiLc Jl^jscIlII jl t4J j)j < nil 4JL>. CjIjLc tj -« 4-3-tit5' 4_3 _lLs 

t4j^ mm!1 Bju^jlII J ciJLli 4. jjjJL 4 ^a ‘O^Jy ' Sr^J^ 6-° 

V il i4Ja.jJI oJJb Jixu (»l-f5il UjJirso ^,111 ^aljjjl Jl>-1 tj j’Zj I a 

1 _J^I(_y3 dll J-aI Miaj i_jjLst£. jjjs tfLbljj tfliLila La (J£ 


6^1 




gjjljJI Lolj^ foiacl 


4_*2_<_i£Lj ^ jJI 4ty 5LUI I jl^j £j\ La *4j • (| * 

4_J 

U$£J t<^*L*J! 

4 3 I f. I L^J (jujl ijr ILll 4-jjl 4 < m!I £)! ^1 gl gUfI L-ufeJ u 

(jVI 3 jlj 1 < <i tl 3 j_£_3JIj . 4—0. CjLljI^ 1 (J- 4 -*- 56 ^ ^ t4jj->* 

LgJ L_Lj^_3c_« JJaVl ^>«j ^jj- i Lo 300 <^1 (jI j_a idJJLaJI »1 g \c. 
£)l Lai ^j_5eJJ! &JJb (Jjj>>. jjJ lJ <—t^l<jl ^rh 5 4 <yfcnt 

l ^ I Jjv 3Jljju ^3 j| i3jl^>Jl 3 JlJJ ulu l_^_ua I Jl>- 4_u 

. 4 -u -oj V' LuLotj 4 gji mi 3Lo* 1 gjlr. ^l3ILcuj <j! Vj 4_t*oj La 

JjaVI <—3-ll 300 <_yJIi4_u^jSLII 4_4lajVI diLi 0 JlA £)lJ 

JSLtHiJ 3Low ^Ll3j ^ i in 4_t*_ulaJI L^jjIjow 4_>.j_i c-t^lL^ j>-uj jJa 

•>=^ jf 

^1 «>> A tl ^^>.1 3jLtoow LjJLv l£JLl& £jl j_lLJL ^ysj 

£)l (_y_3 (J-^IotJ ^jjjowl j|-Lt£, llott-lJ 

- p Q < JL-^Vl 4Jjl_5C_d LLo-I^J L-0_)1 (jot-j ^j_3j 


4*&lf ^ ^>5J 14iULUY *JI. .3JL J 

4_x^jJI cjLuISLUj 3_iLv 4JjL?c^j (jLoLVl L$_d ^La 3j_c Jj? 

IOj-ojjL 4_ul <>>3tl 4 ^jJl! c^31LdI LaJ lIc 1972 ^j^jLo 3 dol^ 

. 3Jodi.! CjLVjJL i^gjuu£ 3jlc. 11 jj-a Pioneer 10 
t \ is*i j ts*i -L ^ <y ((^y-jl ts~i 4 j-lILa» Jjl 10 j—j_jj_jLj dx_jL^ JloJ 

t4 -LwjJI ^y3il 3 jlo.jJI 4_jj_ju-^JI d<jl£j t(^jTu^JL 1 aLJijSL-t-uV 

^ j^^ (jA_> 4_»_<_uL-tioJI ^aL_uJ,I j^dlu ^1 3j- u ^JI cjL ^ j^LII lLLL 

. ^jL-boJI Lx_4 J I 

cjJ! « ^ ^1 .>» A tl j_d^JLl» t^^L<-aj cua 3 4-Lw^JI 

4_jl_jL_1 I CjL aj- b t l I ^JL_ojl^ 4^LoiSLu-uI Jlju^ tj^^ILtfaXI c—t^^ 

j 1L* /j 4j mu Mill 4^.j_^>J,l ^jL>* (jjiJ »>* Atl »^jul 

ILSLaj t4_c.L_uJI jJL£ t_3Jl 40 LajJl^ 4x.j-<_uj t 4JLII jiLi» La ^1 
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pl^gjwJI ■ ■gn’illg q^SJI 


0 (jlj Ju V l 10 ^UJjjLj <>* Atl J_yts ^a {jl ^Uk. jkUjuj 

CjLuISLaJj C_>l_4jl*_4 L^jjJ oJufc k' (jr^ L° 3jl <>i-v 

lUjL ulfLII ^ Jj . fidL-uj <r 1 » <^*>^ ^3 ^ 1 ism 11 ^*3 ^ a > <<11 

JuL-ojJI 4-LtTuj l^L <UL_ujJI osjt Ciiuj jjs ^ 4-t^jJI 

CjLla_j_>JLlj jLsc-jJI ^Lua ^ ^j i4_Cjl_3 CjLv-Lvj CujI^ 

Lcl nill I>*\ Ml jtLUakJI iUj»d i^3 *Lo L _yO^-i'li \ $ U 3~ \ J k' (J-^Lj 

(j^. V ^LixuA Ju9j .(_pS>jVl JSj^ 4 (^Lj lit t^JLkjLA 3jj_uaj 

(jJl_jlj_£ j .^L^L-u JjL£ »>^Atl ^JL»JI 4 2 l1L-ujJ! &J-& ^^*> • ^ 

5JL_ujJI Cjlxju^j jlIIj .(NASA Uuk) 4 -lSLj^-cV' »1 <>u?fl 4_USj t j_4 khjj 

23x15 4_JL_u^JI jJLjj 4 10 ^_j_jj_jLj <>>Atl j_Cisz-a (j7 j\ Jj-cLe 

(J Jut-4 (jl ijJJi l^k ^_U_4jJ Vlj L-UfcjJI Q-a 4^J i i M fj _4 4-g.J) f <<Q 4 4jJk_U_U_4J 

(jL) 4i-4-l-*J 1 J-o T ijuj tLr ^.jUJ1 ^Ijki! ^ I Jl>. <Ja.xxjL^ ^jyj J-*_tl Jufc JJL>*j 

♦ k’A-Lt-uJ I i £ Cj_9^ J ^ 1,11 <ULujJ1 I ft jk ^ < 1 1 4_>.jJLI I £jufe 

\^\ qI-^- 4 - 0 (j’V ^^J-' L< -'- L ^I 4 JlUIj ^ILujJI C.<- u ^ -L0J 

.^LlII 4Jl! 1^1 Ijr h 4_j^i cjLuI£ 

S4_u^JlII 4_JL_ujJI 0jJt CjjjjTL^e-4 ijr Jt La £)SLJj 
3ji Cj Lj jjj_3t_4 jL-U-Jl I ljy-2-S ‘ ( I 3-JiLju) 3jJ_uaJ| ( j_4 ^ J L^ 
^j-4^ . J^lj ^-lj 6j>^! 4 (u3^-I! 

2 I juw l^L>. j_ 4 (Jjla 4-tSLLt-uV CjLtia_t_u Cl'-t-p 3ji k' <— 

cLuliU! a < >> • \ 1420 Li)j Jl3 4_J JlJJj i (^L^l Ji<-4U j-^j) 4 j" r > (I 

. 4^1 mi 4itj ^j-4jJL1 j-jAj ^jil <jJ 1 r^4 t(cJ9jJ! j-^j) 

L P»J-dJJ LT^ IjL^Jjl CjIjJJI ju£1 J-l^JI 3ji k' 

J-t-au J 3^r.I jj-4 4 jL^ ^Lstul j-uuj V 34 £)| 

.4JLjjjJI qjA I JlA q a *■ lLJIjjI (—4j^JlII CjLoISJI 

^SjJLj J!Uj j-Aj) 8 Binary ^j1 mi^II ^jL-lJI Jl>u 4JL_u^JI Cj*u^ i _ r icj 

^jJI IjlA t—j y tfr 1 j-uit-4 Jjia jjl>«j *—5 tl (jyj (1000 

j1la-Cu-l.u 168 gjliJI m 21) 4-^.j-4 jla 4^1 < (8) 

l_4l .dljJLlj OJJJU3 L-3i->- 1 ^ 4 IIIJ Jjuj (_^ll 4I 4_^J-4 (Jjia 
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gjjljJI Lolj^ foiacl 


t 4_U_U_A-4la]l C -&\ ^ J!l 4J 4 4_!L_u^JI J-d-i-ul ^**itl ltl 

(J-4 JJlJJJ « 4-»-4.uTl 1 I C_t£l j£] I 1 ^ A * (jA^-3 jL<-u-Jl ^ I ^j.u-4-tnJI J 

l^j^) <j h a Mill £j_a oJlitJI (j-A JUd! Ju 3 »1 <>u?U (j\ <UL_ujJI 

^Jju^ LojJ 1 (_ L) ^_A £j | Jl*_ 3 4-Lt-u-^-tfaJI 4-C.j) A ~>JL I ^LLaJ ^AJ i 1 

.^_^>.jL>JI £.\-UlJll\ j \ IJ i(^j!uaJL! Ly^J^) 

4_j| L?e_Uslj L^Jj_Ls jj t j *4 <jK <a L>oj_aj LaI 

..4>ju J^>.jJI LaI ♦ jTl<uu-L^u 168 ^14» 1 <>><?!! JjJsd 

j-j_ju 4i^L*JI CjL^jJJ*J»I ( j_C <±fcge-JI <jf cit-^vj .^^L_uJI 4_a^Lc 

IJl_& !jJj_5c_j <jI La-jIj ?-l «>> Atl ^UJLl JjLtcj IjlI .<jLuij}U ^a-Lv ^c. 
Voyager -22-j_^.Lj^ J^V-LsI 4CjVjL>J,I 4>j_a o^J .4_aj^>. <^JJ ^aJL>JI 
^ 6^ d ^ Li-t^jlj I 0 -J-J_JJ_jI_J ^j_A Ij^j , 1977 j . a m ,,. 

L^j| t»L^aA!I 3j.iViill L-t^lj£LII (jru^Lj <d^L*JI SLpJI c^t-til 

L 4 ]’jla 4 ^L<-u.a 2 -j^vLj^ . £_la_< 2 J l_3ij-«-o£ 4^aJjl!I ^_jjLj 4JL».j (J^La I 

Ijj fU t 4-U-U-A-Jo] 1 liul,J_AJ?C_A L-4^1 Jtjul ^yJI (J t s~Ti I jJLa (J^jIa ^880 
jjf-a (>-j>LJI j_LaJLiJ 4-j-jLtia-gJ' Lj.ijJu>. £jL>* L^Jj-l<-o.a tiJJj Juu 

(J_A I aIJlJJ LM^" t n ” 4_J^ j CjLajjl-V A ^>C J-^Lj Cl iSX-U t Cj l^p-AJ-LtSLI I 

c^-Vl ol^KJL ^ ^jVl 

4-LlA aJL<_uj JHaHj 4JL>.^JI ^jl^J ^jL<-ujV1 * ljL>JI II^J!^ 

jOJ t 1 -Ll£j^ (J-AI 4_jLu ^aSLI 1 $\ i ujs LuL u >o) (Jj-Sj ijy ILll djLstlJLl ^a-aVI 

VI ^JLUjuJ Vj 44-LA-Lt-U (-^1 wA_aV 4_Lt-U-A-tiuJ 1 1 nf .^AJae-A ^jl_>- 
^ 1 «>> Atl J->o CjLa- 1^ LiJlij . (a a! a ,s- stl^ 

4<LL>.jJI 4?jl^J j-liSLII ^-aJLaJI <—<jL>JIj jcjjIj aLaJ £jj!j 

a A i^rXl La cjJl^.1 j_l1ajj 2-^jvLj^ 1 a < ^yllJI SjjJLallll VI Cy^d 
4_o^-l£LIJ CjI i < uLj>. 4 mi 1 ^ j i r, c^j-4ijj 44_u_^p^LlVl 3j^>.VI ^j-A ^aJLaJI 
4_Lvj-JI 4>Jl_A ^ I 4_jjj_j CjI JlJj_a 4jVLj ^j-a 1 U j <^"i < ( n La^ 4 (j3^-u-a 

. ^ 1 »>* A11 j_u2l£. 4-LA-LaJ 1 dj Ij^sejJ, I ^A-A I ^j-A jjTuU 4-tJ&JjLlll 

VLj J mm n ^1 t m^vVI 4x.j_aj>JJ dilj 
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pl^gjudl ■ ■gn’illg QgSJI 


La-4J . J-aGJIj 4_*fa^l_U! (jiiAJ Lla J p-~ < <n J aj-U <jrU * 

ijjs Ur }^s^jLuj Asteroids CjLSo^JI £y* IjlA 4 _t3 tiJLi V 

4-CJ-AO-JJ <— L-iSjS t. 1 ^yC. Jj 2J V tt-Sl mi^I miVI CjLjl^C. 

aLoI CjLajI tsia ( j-a p^J <Gj Jo-1 La cm * <n 4 L$j LcjJ LaJu£. (a! a mil 

1_>J 1 CJ-3jJI JlaJ j . 3 JljjljJI 4j^La-<-uJI pl^o VI Cj 1j 1 A r . 

Jolj jIla jLZ (j\i L^-aLsco! CjL^j^LII eJJb ^j_A LaJI < jjji Mir. ^1 jo 

L^_La ^jru^LlI ciJLuk aLa1 *JI >x1c. jj>.IjJI (^Lplj 4 ^ILa 800 j 

* LaJlc^J ^j£La- 5 V 0_pe_5 jJuoj! (j_A 


CjLLaJI (j_A 4_CJ-A^C-A^ 4<j M A Mltl J^»- jl Jla CjLiSL^JI olsJt, JJJljj 

p_Aj I * J^ p $ 3j_pJI L-t-Lt-uJ / 4_5t_iL<_u pl^-Sl ♦♦ jjr-^3 ^' 

(^jjl J. ^ p j fc> T« 11 I JJt (J-U_jjJ 4 (J-U-A-iuJ I <JJO ^_l.i£' 4iljj_A 

djl JlA 4J CjL£jj£J1 4>Jufc ^j-A djiolj ^jl Jj .1 A Mil l JJO Ijl JLA «U j-Sfe T u 

4_Lajlj 4 j I 4_c j_aoJ.Lj 4_Lajj^ V La-jL^ c^j h a Mill <Jjo 4_t^ jj JlJJ 4_j <_^>LoJ I 
\-f )eJiicj pJ 4 <_U_^_tiiJ! j_^j_A ^LojI CjL£jj£]I JJlc JuljJbj 

Jjj-JLJ I Jo. LaLoJjI (J-LdLUI I 4ojJ ^ L>^J * LocJjJu 

i_9 jL<o_i 01 03*^ 1^-11 cj!^ mit. L^iMo ^_A-j ol Q^Lc t l o^ 3 -^1 t^Lca^JI Q <? mi 


. I jolj L£j^£ 

01 4 _j_^_LU! cjL_uIjjJI O - 4 LaJlIc. t cjL^L j^SLII ^j_a <-«<? jJsj 

(3^^JJ-JI cillJ J-A ^jLftlS 4_U^C JJloJ jl jLAJ jcJjJ.1 jl JlA O^J 4j9LjJl! 

^jJ. 1 Ijufc t4 J Ml a Mill <lCj_A->Jll C-x^IjSLII jLjuI (j\J pjLUl 

.1801 pLi ^Sj-A J/VcjLS^J! 

^1 t JJ L 1 S 05 UI £jL& CjIjIJLA pi Lo IVI p JlC cJJLaJI a 1 a \ c. lLo-V Ju3j 
CjjJlx JLa To I Qx. JjLt-u T JI 1 Jlj LlAj t4-AJl_AJtJ' Q-a pJLc tU < »j plQ^L^ jJuj 
4 » mhII C_^lI j 5L!! diljl Jl^j cjLtSLj^LlI ^j_A cjIjI jla jJ^Laj <_ « i< h i cjLaI jJ^-ol 
CjLaI JU I^VI o1l& JIa CjJl>j O' till Q-a 4j 1 4 
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gjjljJI Lolj^ foiacl 


(jl jl I jjt ^>.j3 V 4_j£ldJI (>ulj_3JI (jl VI t cjL a jVI (j-« cJaj (_^ 

jl Joa (jI l_ 4 ^ 4 Ju>»!j jfl i It A I CjJl>*j V (JjoSLII C-x^ljSLII CjI£^j >0 

l£' JIl£ J)~ ‘ “ a Lr^ J ' (jiDjVl L^jS jlj-fl ^efjUMA ( jr 3 j_3j V fjl 

$jl Jua l-iS Lj^ t-jjILsIj I jlj . 4 j mi a Mill 4^.j_$j>Jll (_^ L r t ^J^ 

4_^Lcu_ 4-J J->*^l 3^ I <v $ ? * J^lJ-ll J 4J Ml Jj ^LjLSHj (jJ U^jLa 4(_pDjV I (j_C 

.aisu 

t»l <^3tl 4^t_iLtoJI ^Vl ^Jufc i yc. CjLojJjtl.1 4 L i nj Jl>-Vj 

jLoDjVl (Jj^io (j-C jftl CjLl3 ^L 4 _ 5 elu VI t^gjTufu.1.Ij £cJjJ,l (_^ofi^ (jrU 
. 4-uJaj V13jSJI 3 ^ Cy* 2j3LllU 
J_A idsLiSa^JI ^jufc 4_^1jJ 4LilliJI *Uk. (JjL3j 4-lSLJg.^ Jjfj 
4 ^jlaj «^>tl »>4 Atl ^1 < <i*>»yi oJJt> JlSLtlo! 4_x_uljj 4JjLt_xa 4 jjju^JI 

IjJu 3 4_«a-3t>. jJLj »1 <>u?tl ^ i ny ^1 (jl i—£jj-*J,l 

J-alj-C. jojLLj cdJ 4 ^LwLc. jl }UJ (jl ^ISLcu Jl^Tij ^jIj JlJ V 4 l_Luua 

d < ♦ < . L 11 4_u jL>JI ^jSs (J_$ju fU d~>-l~>, ,<j 4jI£j I (J^ miT(* 4 i4_ul jJI 4_u jL>JI 
IjlSLaj 43j^L*JI (j^L«Vl ^1 L$jL^ c_jjl>.j 3jjLJI l^IjI^VI ^jU*>o L$_j3 

,ls Atl ^_<_u_>J I ^ i > s*\ (^yTuv- 3^L>J I c_3^j>.Vl 3j I Jlu-u I LocjjJG (J-caj 

. J^oJI 

V Lg-iLa 4 2bUi] ^j?c_>JI 3j_Ju-o L^j'V j t cjLSLj^SL! 1 4 m m iIL Lot 

^3 < j-«j 4 juioil ^^ ( jr ic c-JLinil (j_431 ^ K <tj La 4_u jL>JI (j-a t-di i aj 

jjvl JSLl» jl 4 4 L to **< ( U a ji *Cl£la j I 4_uJl> 3 jl 4 _ajj_c CjLSL^ ciJll^ 

. L^j i^j JlLc 4_l£ 

1 ^ **- U Mil (jl l_4^ 44 <ltV*Ma ^-lC JlSLtl/lj CjL^J^JI ^y,3tJU ^Ll£ Jl>.jjj 
J iLj^J ^J .>.11 ^llSL-X-S 4_J_JL_L£2_3JI ^L-o-^Vl 4>Jail (jLb (j_4J 4j^Tn-u-fl ^-LC. 
1 ^ <>> ♦ ) jiX ♦ J L^-Ll.l£ 4»1 1^311 j i »n (_y3il ^IjjxVI (^L (j-C LaiiliteJ 

(j »j V L^_a3 jJ^VI (j^>* j tl (jl Ja>a t 4_Ljj^JLa 3J-tTaJ 4jlr. d L<?il , „ tl 3^Lu^VI 
.(^ja jl£a V L^U. Ljals VI 

4J (j_a_ji ^JlII-c—^jSLII ^Ja-<-ti 3j-^ (j -0 »J) <<^>11 (j-ulSaul 3j2 loiSjIIjj 
, ,.tl (j| Jlj>o tiJJjJj 4 4 jjJ (^ylc-J , ..It 4ajSHI jlji.1 i—u^j3 ^ylc.-^C, jj>» 
4jxjJl» 4 4_j1c 4_L^LoJI S^LasVI (j .i^ C. Jal>JI (jaa 4 3 iU i ^U»ll 
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V 11 jljjluI» UijiiAj (jl ciiloil cL^J jlJ jJLlj 

t Jul>JI ^j-c 4 3i Uj 3l Ui a L^jLj t a IjJlSI^.1 <L>.jJlj L^aLsejvl j_a c <, nLuj 

<jU si ^ ~ ^ V1 ^1 ^1_C J La_4 i ll^Liw UJ_L^3 ^j-aSoU 1 sIjJlA J-ih 1-4-Lu 

4_^.j^ L^jl j! i3*Lc^Vl fj „<V 4_j_aL^_a 1 ^ ‘v.jia-iu 

. 4_u_uljJsl CjL&L>«jVl 1 , ,, ^J. aSLtJ V 0_J_5t_J 3j^C.jJ1 £)-* 

S<Lul 0jufc t .. Luajl cilldJI »1 a If. < »njj 

CjLl 3 VJ La Sjijt <<-MI 4_ol <>><?tl ^1 1 h'vVI 0 JlA <jL> t<GjjL>. 4jjJaj 

t^j TuT u.Uj ^Jj-U U^ 5 <j! ^s>jla j tj^iijl JjLa 

^1 4 ak^J 4 j a <- *.* * x ^-jLse-tijl CjJu>. La^J mi (jl£j 

♦ ^j-U-^tTaJ 1 (J/ A ^_lC. L^Jj-(ai Jjju CjLiSkJ^ C^e_U-tfD I S^jLlcq 

J-jJLUI ^JLsu LuL^ <»1 «>u?ll 0jjt J-l^ 1 1 ag aj 

l^-La (jjSilb <^11 3^U! ^yULi ijj* L^jI c-Jjuj 1 1^ (a 03^ (_H-^ SjLU 

£)-* 4_3JLlL>Jll ^jjLjlJLIj j-5e_t*a_ll <j_a £_ta_S VI La3 ..(jlojVI 

J-l 9 tL^j 3_}j->»j_a ^U! (^f 4 j9JlI1 «L>*j 3*1 LaSLaJ Vj t^LstJ^Vl 
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200,000 4lj]* jJL; U .„A1I Js jliJI 1UI :(9)J££ 
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^ jlSLaj JiAJI 3j^a :(l I)JSLi 
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2U6UJ! Jllai :(I2)J^5, 
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gjjtiJI (jS lolji (qJolcI 
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J* 4JBUJI oLSlSJI ^jVI aJUj :(l3)JSLi 










tl^gjuuJI . .gn’.lIj QJjSJI 



v L^I:(l4)JfLi 



(JjL 5JU Jj^sLaj :(I5 )J£Lcu 
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gJjljJI Lolj^ pHcl 




(!6)JfLi 


JSjLLafi. :(l7),JSL<ai 
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gjjUJI iji lolji (oJolcI 



7 , 







4mm (Uj ^j-o I^j-u tsij-cbJI 4 _*_j_lLs CxjI^ 

^j_jj_j_j ^J_5e_<-ul j_j_<_uJI ^L>- ^ylLv. tcLojiiJI ^_j£JlAJJ 

t < j-a*Jg]| ( J-a LcU-tit (jl I 666 ^Lc < 3 MiTslj 

La I t*l ui Vj . ^3^ <J-°(jjSa I 3 JlC. ^1 Jbela 
ijr ILll 4_j_<fcljJ! (jljJVI li 0^3^ <—3jju Lt_u^>. 
j j. A «^>Vl4 ^J| (j-a j-jjLa 

jj-Jj-J-j jjSUj JLlIj .(jj y i Mflijl l (OJ (jJLillfl (JjjVls 

Lc.L*-Ju jjil jjU ig^j~Va ^^3 ^jja (J-“J^ ill Jls-I jjjs 
J5)^_3j Ju9j $.j <^3 La 

c^UI ol^l ^ 

t Visible Spectrum ^jJ,! ■ «=■j L&JI J)j a~n 

(j-C. ^oLaJ! »^-i 11 (jLi i—iJaJI !jL4> CjjJLx. j. t ii nij 
(jjSljj ijji-T (^yJj-Lis Jjuuua (_£l (j£, jl ^lia (J .1 a *~ i t l 
-JJl-C. (_^l) 4 a I "i 4J.I LliljJjJjJI dilj l!s!_>.jJ,I jj^a 

a j-A jj < n~j . (3 Jl 3.|^J| 4_jjlill (_y3 SjjLsJI tliLi jij jJI 

■ M~v~ (jSLIj »>«atl ^3 3jl>.|j diljjjJllI 

I U I aj ( _yJs j-aa LaJ-i^. (Jjj-Vl (^c. L$ia |J^ 

Laala CjLc. j_a^e»a ^3 3 y t Ti'a al^^ll (j-a ‘ 3"Xl 

CLiJLaj (_g jJI aja->JI i _yjs 4avjJll JJjJj 1 l^jl 

.(jiyVb ^Lu^VI (iryJI Jz 


e. 
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alj-to jLl CjIjJjUJI ^a-J (j_aj t(_ r o*ji,l (JjioJI (jjJs Cjjjlaj jbaJj 

^ rtjU tl (J_JbdJI jl £*%. j? t aLUll jL^. d U, „l jj ,4 Ahbt 1 j si I jj_a cQajJXI 

i4jjl_*JI L^lJlo. tjr&j ^-AjIj L^JlIc j_uoLi*J! (jl jo.j jl 33 .Spectroscope 
1 L^J 3j-j lx-4 CjIjJjJLII (j_a 3jji^_a Cjlx.j^oe_a (j_a CjL c.L»_tTuLa c.<_*_u 

d \ ^ , <1 d 7t t-> 3 j-aL1oJI 4 ? j_A CjLufc Ju3j .4 j 4_toL>J I 4jI JJ j < ^J£Jj 
dlLbl—t-u-C lie. Jut-p l_$_l_pj3 J^OO ('Pill 4^JOe_JI L_3jJLxl] 4_3 _l 3 Jj 

. L^j1^jo.j 1 ^ mSJj Cj^Lu^a-gj Lt-ojI LbJj JlLb 4 jI Jj <- > 1 n**-^ t4_Lo jib 

(_j_ 3 a I jj_<_u 1 UjUb 4_4J (jl i 1814 j^j^jjIj^ (^UVI ^JL*JI <t^s^V jus 
4- b . t .a j-t-oll^. (jl jjfc Joj ->iJI 0 Jufc ^y-L t -c (j| <U ^.bajlj (j «a mi! I t 3jt*> 

Jljlo VI (j*uju (jSLcI t4i£ t 3jtMl (j-a Jojtr>J' dJJj £-31j-a JkjjLstlbj . al Jj-<-uJI 
^ 6**~ ^ "‘ 4llo.j aLal (j-u^a-tTuil aj_bo t ( j-a Cj_aIowl LT lJI 9-\ j_lo jO 4_o»jJI 

(_pJI a Ij-ib jU 4 _o.jJLI Jljio jU «d 3 J U a L^j? j^j^jjlj^ Jo.jj * (jojVI (_pi 
4^jj»-a (j^-a I cilljuij t(_p3jVl (_pLc 4 ^^jlII tilij (j_a j-toll^. BjotJ I L^j cLutp 

.(_^a_t!uJI jo. (_y^ 3jjo.jJI j-toLuJI 

(j_a 4oe_AjILa 3 j«Jlao <U <n Jjoe_a ^jjse-JI Juu ^aJ t(^JjVl 3j_aJJj 1 1 JlSLaj 
3ajLjjj! £_aj 4 L^_j Jj_l_u (_p<JI l_^jl j_j_a L^j 4 jj 1 a 1 n Lal jo. I (Jj / .>.11 

V Lcj^ 3jUll J -lI o J J' ^ai^. ^j-<-ol taj «>»tl (J-Joo 4_aJio-"i Mill CjIj^VI 

(j_a Jl_jJljlJI CjL^I mi"^I (_jJLc C.-uj JlSj ttiJJLlH (j-a 4-t^, ( JT lc 

.(jjSJI (j-C. 41b JloJI CjLjJo-JI 

lLH3JI a 1 a 1 r. ( mI t^joe-JI £)£. Sj^L-oJI alj-boVI (-^LJol 4_<jjIjJ (j-aj 

J JlJJLoJL^ 4(_p3jVl ( jr Ll l_J 4_3jj_*JI j_toll*JI (joilj (^joo L^j I Ij-Lluj (jl 

.^Jl <^>llj U^>*j!jbLt4ilj (jio- < tiSjVlj ^jj mi rr.LlIj ^JJ 1 mUSJI 

j_jilj JjU. JljJlJu aJo_u CjJ o. Ju9 (jjSJI (jx. (jL^JVI ^a-ukLla jjJoj (jl 
< 3 .>> Atla . |jj < M f, (jl^ (j-ojjJlj i^Uoo. jTuuj JlUtK i( y\ \, (< t| 

La_a j— lT lS v -j J2I ^joe_Lil (j^. <-^jjjl 1,I (Jlj_J 4 JuJuoi j_lL31j 4?jIj_4_4jI (jx. 
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,59^1 jJI uSJLoJI pJLc 


o Lt-JuI ^I CjIjIjjXJI t L&^_lC £ya j!j£\ irtJbjjLS *iJ C-Jlj La 4_lj^_C 4_u^£" 

CjIj_j>J,I (J-dgeTu-^j^£1] ^■ >«lj n ^Lul-cdllJI »1 4 \C. La JlIcj 

(j -a CjLcj_4-5c- 4 ~ a' cJaLj-L! L$] £)| IjJu>.j t Lj <>ii III 3jjL>JJ 

(jyllJI Ll»J 1 t M">a i j r c. LJI (j 4 j q \ j4 ■ L*jU^ g.I jij-<-ui \ I 

^yt-uj-a ^yic (j-ujj td^UI ( _ r ^ Jlj£I l ^ujL>oj ^Ldaljl Jju tjufcj 

. Lt-ua^>» (j^LU 4 -l<-u1JL (J_i 1 ••'*•* 

lj_«f Edwin Hubble J_j_a LT ^L)_tia]l ^JUJI 1929 ^Lc ^ 

jjjJJI j_ 3 e_) 4jvlj_oa 3 JljjljJI CjIjj>JLI (—SLlLs I . Uj L Aw 4 J ,"\j g L 1 1 « c. 

^1 j_«l Jlj-Ul J-£ Cjjljjl tillj l£j Jj ra J*s mm u 3jUtl ^j-* 

.^1 Lui Juu BjLjJI odA cLiKj ^ULuiV! 

4_*J (jl 4J tS^e-a 4jLa ^yc ^y&i 4_«_ulj Jlj (J_uk ^JL*JI 

t 3jtMl lLsjjU-v. 4g>»lj] j-Aj t4-mljjJl £ Juk (j_a 4-lal j u 1 «l LjjIj9 

. 3j^>dl JkJU £-0 Ljj-Ls CyUOiLuJ VI (jjJLII 

LaJ lIc Cj ij_uaJI 4_3 _lL V n L^ 4 j 1 g.La-L-U j_<lajl iZJjJlC. <_sjL>o Juuj 

j_<aVl 4 _iAjJ^JI daj_La_>JI ^_u_oj2J ^jlxjj dJJlx^ JulLu 

. l_t£. JULOJ (^1 jJU-aJLl £)Lj t(j-4^>-Vl) 4JjjdaJI 

1 g jir. (Jj) t4-ul <>1 111 ^LujjwVI LuLaj-L-<a ^L>»<a 

^113 ^j'* A ^j6 ^^ ti)LcLui<^LI JK uiVIj JdL>»j 

4 hiijU llUl cjVL>JJ LJLc-4ljj^_tiJLl cjLuj^>JI J^.Laj ^ 

(JlLc / (<dj d j , ,,jH '<* a CjVL? e_gs ^Li ^jTl>o ^j-oj / ^ 1 «>* A11 

!3l^ ^ <a ~>ilI d <_ > 0 4_t—tiuV4_i_Lj_tjjJI 4j»_dV!^ jj^IjJ! GjL »»^_4 

^ ♦ i iL La L<.u.tJ Lub^ 4_t^_LaJ! diL-ul^Jiil £y& ^- L SL! 1 ^yj L_uI y& I 

4 t M.Vl Energy 4 _jal U II JLSLil ( j-c JdL_d j_a 

^Q—Ljj I l&lc. jlUj cj| jl>*j ^ 3 1 Electromagnetic 4 -llo-lLL uLa jj t \ 

. 4^LL 4 I>I I) L^la Photons CjLjjj-UI 
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VLi a • j> .U c_(-t.f.L>. ^jsLLaJI 4 _j_a£^ 

(j j_j jJu9 (q^jJLa (j^-iLa) ^jLt-uJ La 4^LkJI 4J 4_j-Lu_uil 

((^)) ^_<_ol 1 gjif, (jiUj 4 jJ5^ CjIju>*j (JJ&J ^l^yi (jl . CjL>-j_a 

ljy ^ 1 ^^< c-<jj3 L^jL£ ti-g-La jJlc j_a^>u Lq I jl Quantum 

^3 <j-*j ‘L^J <3^>L>. Jjls L$j cjLcL*_<i>V! jJS" 4 _>.j_a j .<_^>.j_a J£Li» 

CjL>.J_I, 1 Cjlli CjLlI ♦ (,‘nVl ^LlA-^ i4jL>-J_A JI^LLj ^1 t ui^ 1 ^i-C. L^JJUJ LuL^ 
CjL>-jJ,I (j"i aj~ < ( » 3 mi C. jLLa^I £j-a eiaVT 4 ♦ (^1 ) i^ja) aJLjjIaJI 

3 Mir. £)_*) L^jL>-j_a JIjIsI jJLu cjlcL*_tiu^l La] tRadio Waves 4 jjj^IjJI 

4-*_tTuVI Cr^ (jJ-AJJjU-ajI ^j_A L_A_!! 4 jLa ^j_A a| 3 ^>»I 4_uLaJ ^1 jILa-U_u_u 

( j_«) dllii 4_juiVlj iInfra Red 4_*_<i»VI a1j-^>JI c^o 

g-J ,>.11 ^ ^ (j-T(_A— lTl-L<-uJI (j_A L_A_lf 4 jLa £jjA 4juj I ^Jj L_3J I 4 jLa ^j_A 4 _uLaj 

.Visible Light ^j-U 

j_Lj CjLcL*_cuVI ciJJj tUltraviolet a *■<A> .tl JS^ 4_*_duVI j a <~i~j 
<(/<A m Mill <j_A Q^La (jjA JjvIj <_3J ! 4jLa 3-A 4-JUj I ^J-a) L^jL>.j_a Jlj-U ! 
t j-A Jl>Jj <j_a) X Rays 4_*_ti»t jl 4_j_Lu^oJI 4 jlJL/VI ^Jla till!} Juu 

tiJJjJ 4 _jJLl 11 t (^TlA-L(-L<-IjJ 1 ^j_A Q^jJLa L_3J I £jjA J0.I3 ^yjj ^j^jJLa 

L^jL>.j_a j2jj)GammaRays LaL>. ^oLj 4^^jlU j, 

. (jTlA-OIciJI (j^-d-A L-aJ| ^j_A j Ly^- 
La^J ij3 j_a 1 j < „<r, t_< < mLuj tfiLxjJ,! Jjls Ql 4t^ j v^LUj j-jJl>. La-aj 

<i^ttlj ^Ui! Cjl!i cjL>.ji,l Ql (^1 

I JlAj (^l) L^jI Jl>*j lLsLIuj ^Ij t<L>.jJ.1 (J^is ^ LaJ^ 4jI La£ 

t4j^r <m a < dl (33^ 4_*_tiuVl ^ 0 -3 4_j_Luajil 4_*_tiV I3 LaL>. 4-»-tfu I c_<-L<-uil 

4_jj_j^!jJI 4 » mi Vi (jl Cx^>- (jy-S i4_j_>JI CjLuISJ! 4_3e_<_ujV 3 Jlj JlJu 

. l^^LUi L^jjJj V (4 j>.jJl! 4JL3ID) 
: ( _ r L La^ L^JIjIsIj cjLxjJl! ^ Lajj 

(j-A !JU>- Ij J « <|J Uj^>- JIaJ (jyAj-U (20- u l t l) (J-A Ji^^Lj 

Q-a 4jI (^1 1 LaL>. 4_*_tiulj jjjljJI CjL>.j_a (jru 4 j < mjULulajj^SLH 4_*_do^l ^Jla 

4 » o il 4j3J_i!jJ! cjLvjdl ^ idiLvji.1 Jjls (jjS j-II (JJlU \lxjt jru 

.! tj^-Lth daj^-LuJ ^LoiVI Jilc. 3 ts*t «II 4-<_uL>. 3J5 LUj ^ ^ LaL>. 
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jJI t-SJLoJI pJLc 


wbkMll UJalf 

<-_sVl_j jlju (j-u J is* A” 4_1jL^J! cjI^LJLI c^-aIj La 

Cj ji_xSLII CjLIa ^1! Ju3 L^j_>«j CjLcj-<_u (jLs tCjl^ILc jJLSLII 
CjLc.j_«_u (J-oLlS CuJ Ju>JI lILLUI ^Jl£. ( J_>-Jl3 Jlo]j . 3Jl>.!jJ1 4_jjLlII 

4 4_jjLlI! jHa jJLjSLII q-a Jsa_u_tuJI jjLjeUj V I Jl>. C<-*-1j 43 JlJ 

.^h 4 J^L^I .>.11 i MjLJ jJjfeTu-ulj ciJLLi^ 
j-usLulII 43jjlI lLULaJI a! a If. 4 L i »j Cxjl^ a BjtMl 4_<_uljJ £)l La£j 
.^j_3e_(JI 4 £j-j>. 4_Cj_<_u ^j-uLj^J ^a g~lj (iij t BjtMl dJJjiSLs (JJ& 

Lu-a-uj IjjJ Doppler jJLjj j 4_jj_Ia_> 1 4 j»j >U c<-l»J juiIj 

.jl A <^>U ljufc 

»La JlIc CjLLuJ (LLp*! 1 Jilaj La^ jJLsj-i ^31 jl) jJLjjJ 4j^J^jj 
>> 1 'v. ^j_A ojI^ li! L^jjlx j!jj 3 4-uj)<<ot! cjL>.jJ, 1 (jI 4 ^aJL*J! Ijla 

^A-t-U-JV. ^j_A 3j_iL<^> CjL>.J-U C-cjL^" Li! A 4. " La_Lu t J_5S_S 

ciJjJtILA ^A < ii~V. ^j_A BjjLu^J! CjLv.ji.1 Jjl 4 !ji ciJLLi ^Jjlaj . 4_U1 ! JlJJU Lilj-3tlu 
CuAssjj 4jL>.j_a Jjlaj tfj ..<♦!! . 4jj3_<La CxjI^ ! li! 4 LgJJ l>. j| J 1^1 c" 

CjLwj_a 4 i CjL>-j_a (jy ^ J, nil n a^ jl C-4 -ljvj . BjulLla CxjI^ Li! L^jJu». 
4^t\_*_a 4^>.j_a J^Ld 4J J)!U n ^jJ! a j) <<M!j 4 ^- 0 !j_>Jl ^j-a cj j)<^tl 

^ A aJ-j-^JI B ♦ . Uj 4 Cjj_i^JI 4_B_j_LaJ! j_LjLLi Aj-tLaJ! 4 jvj_ 1! Jjioj 

j- J t T JI L^jjJju ^til Cj!jJlI! (jI tjJ .^jjJLILj 4>Ju^Bj La LaLaj 

CjJl>J! !jlA aLaJLjlI! < B 4^^111 (j-A 1 aj-uj 4 j-xJojJ! 

. 1 LLs_>- cjIjjJ! I 

(^jJI aJ) <<^11 (jji 44 ^j-5cHa aj) <^>11 jJu-saj ^1 CjljjJl LaJu£.j 

4^jscILa CjIj jJ! lIUj CxjI^ LiLs 4 4^^J! 4 >L>oV L*_u j-jjuj L$_La 4J_lBIL_uj 

^IjJj L^jL>-j-a (^1 <^>11 4 B^ilo Ju-aljJl 

. L_La LjLLIa (j^Su LaJl_Lc. j! L> Btl ^_42 Jj_j La^ LaLa-J / .tl (j^JLll 

J) •>■ 1 ^lj_Lj (^| VJ_Ls L^jLjVJ_A jljj3 I AJ-4^J! 4 _B_lLs t^yZUlSzA J 4 ^j-4i^JtJ L>J 
Ijj) a j-aV 1 t j-4i T jij 4 Ju-a>! jJ! Bju Cu -A CjIj jJ! LaJlIc j-a^>*V! (jjJJl 

^ 1 ^ lJjJSjLLj 4 ( jia_BieJj j! 4_B_LLaJ! L^j ^_pil 4 j>.j jJ! ^j| Jj tiLLi ^-Lc. 

Cj^lj 1 a 1 ^4 44_lC 1 Jljju jl Ju-^1jJ! CjljjJl L^j tiJj-stjj 4^-j-tjjJl 
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^ ^IjVI CjjIj SliLj^JI 

1 g I t 3~ mi j ( jr lJ! cJi_j_LaJI 3j)fv%. (J-uLlS o' !il CjIjj>JLIj ^j-still 

o^Laj 4 i _ r jj^LII jLiJI 4-jLa- <(i \ jl 4^_3 e_LI1 3j>^>.jJ,I SjUI 0-4 jlu» 1jJl 

. ^Jl-a <_£? ^Ij 4_>.jjJI j_L*J CjJu>. JuS o^ Li I La 43j_*_a o_a Ju-^ljJI 
^J^ejjl l_£J ci Jj_3tI(J 4-C.j.<_uJ I ^jJlaj 4 JJ^ t^>" , ,. < t4j>-ljVl (j-oL^ ^j>AJ 

L^Lj-Ul tilLLlI »1 a I r. jukL<i» Laju£.j jLiJI iLLt_<_u j? 3j^>JLl jl 

( jr liL JjLJ La- 4 Igjlf, ( rtjUII -Ajiaiw j-uJol j_a j_uu ljIo*>»V 4^J^eJU 4 rthV a 
4_Jj_la_J ^1JL V *i < (i 1—3 4 >L>o! ^ylc dJLLi o_A !jJJlL_uL^ 4 L$5> j_>o 

Ja jia->JI (J3~ n La JlIc 4jl-ljj^jj jjm La^-jI (Jj-aj 4jJL>j^ 

CjIj-J?C_A j| ^J->t-l L^_sT ijr _L*_J dlijL^ -a- « .. 3 < J tl (jjlll 4-p»lj ^Jl * 3jUti 
LaI ♦ 3j J 4 CjL>-J_A ^ jj _5C_4JJ_A_LlJ I (jjUl CjL>-J_A (jV 4 jLUsljJI (J-A 4 _JjIu2J 
w ^ <Lo*Lj 1 ^AjU .UjU-L J^Iuj cjI^->JLIj 

. Ju-^ljJI 3JjJtTu-A tiJj-Sellj 

J_A t 3.ijL3fc_A 3jj>JL J I (j^-*_A ^A-5tlI lJi_lUJI JdJ-L i->Jl Cjl£^_>U 4-jjl 3 AJJ 

Jl_j Jl_>J I /A^e_(J I 4-C.^-t-u ^_j JlJLj o_^_A-S 4 4Hc.^_4_4jij 4 £j^>u i_3jo-*-4 T L-A-lLs 

. ALx^a-jJI fiLstjLtjjJ! 3jl>JLI jl cilj^suXI 

.U>j aLaIaJ! o^ * Red Shift o-^>* VI ill 4_p-Lj <l>.IjVI cjJl>*j LajJ^j 

4 JU-oIjJI JuLLu 3j_>J.I j| ^A-5tlII o' C '-‘-4 M > MJJ qJLjj-^ j3 t 

(0\_»JI u I C. 4_*_A i i* (s~lj Jl>. 3q -L«- UO Jj_UDjJlI ^-5tlll AJ-ds 4j>.ljVl 
jJij 'o 3 j fl ■ U 4.11 ^_ua j_a t /> j AU11 pjjuJI LiUj (JL^cJj (jl 4^Jj-tTu-JI 
4>Juk 1 ^ j I r. Jjlj ^ylLlI 4_Cj_4JiJI o' ^-IL>JI &JJt> ^ ^^1311 ^JL*J1 

. 4-uLlII Cj l^— <-A j) 3 ♦ <>> < o^L^tlu V 4j>- IjVI 

Jaj ))n •>.JIj 4Q-uSo tiJLIi o-° Sjjjt^jJll olj^>JLl a j-ds 

0 _jL^ Lilj ..a!j-a^>* <U^ L-A-tiaJI ^ 

4JLjI_A Li oj^Lj oil 3j^>JLl o^ ijJLj^ j3l ^1 SJljLc. .jub 

. Lie. ( _ 3 -ikj iSjjlill (_y3 diljiLo _jijSLII i_aVlj jJlSj 

i ;U>' I >i_i U_l3 <11 jtl 4 L«Jlc. (jLajf JjljJ lLLui Uib lLILlA ^jL£ a 

,L^Lii3!jci!!j^»iII SjjiIjj(_ yle. ciiLo. i^jJI JjUjJUJI jjl i3aa-ljVI 
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jJI aSJLoJI pJLc 


*(^1^*41 j( a!j-«JI 4^.lj)fl)_pVl Ijuk^jiL? 
U ^,,..r, ^ 3 t Ujl£^l ^1 V 3^ Ui j-c^-Vl ^ 

.1*1 Ml 11 (jA'*! (JjjUjCJ 

^l^iaull J>Ls- <^3 Cosmologists Q 5 SLII aLale. (jla .j^af r_^ La^j 

jjlj j^o! ale. Jv mi i (j_j^JI JJL«j <jl 1Ji3 iSj-o-Vl (j-uMitl 

. cuLiLi 4. c.j 1H1 lie. JlcLOj ^jl ^jl 1 1* 1 u 3 ^^3 

j-x-i 4e>.!j^Ll 4-3^ t~i" M oLj-jjJI (JjjLlS ( _ y 3 Sjjjle. diLij)« tiJLijkj 

4-al 1 n 11 4 3 « <Ai" La oj-x^a (j^a jajLaJ! aJ lAilLh i( 3jt~ill (jjs j-aa-VI 
( _ y 3 a a-a^JI 4_>lj aa a3 c< jjiaal Ijlj . t j ■ ■■ A . 4a>.|jVI 4il23j 4 t, , ~;, H 

Ij^al L^aLiij^l jaj jj-oj Ijl^J 4aa-/n < C L^33LLs J 3 33 L^jls 1 L^3j jui 

tj'd tiiljj iUe. 3 J<~ t a £j_au3 (_ T JkJ 3ja*^a 4 j|j JjiI (_£l Lll (jaaJj 

. lie. jL*3jV 1 ^3 Sj-aJ .1 4ei^ (til 

^<uj (jlj i42jla 4 jI_l*j £-aa*j (j! i_aacj 3ja>JU (j^a 1 3j« lAitl aj lAitlj 
4 Jj3,^.a 3 i^_a ^jlc. L^ISLajLi Ij aa a3J 1 ^aaje T t3 . J Lath ^JSLaiij 4_La 3 il 3" . ..VI 
joj-SjjeiU dilaVjJLi jLa^JLi Jaiasjjj (_y3 jllLal 4 1 n aXJI 3Tj-a^-l i3~a M 3 ,^1 
t _ r 3 4_iLc. j-ij <^“ 4^>. t _ 7 _Le, ‘ 3 j^j £-aa>u 

faC.J4IJ .Panchromatic (jl_jjVl ,JJ/Lae>. dlLejill £ya £_jjJI Ijjfcj . 4-lajiLaui«JI 
dilc.Lau ^I t j_jaa.ljaeJ-3j^>.Vl (J J 1 Oj-9ja (J IL>.-i*H3tl a 1 a 1»4 I JJt 
tjj-LlI ^a^_l 4a>.|jVI Jj-a- , m 3 IjaLau 111! *-j > Alt 4a>.^ll! 1 ^j4 SjalJiC. 

. JjLall 4 3j-a- i II 3ja*js (j-a ij-aa'Vl 

( _ t Jlc. LjLijj 3^tj» ill Cj 1^_>JU (^jl^_aa>.l) ^3 (jj/j-t lLULlII aLaJLe. LX^ 
iaLaaa-3JI «L>-jl a~>- (^,3 ^ I3j_&UiJI i>jL& Cajl^ U.J iLkjLiILil 
3j_^>.! ^_ys 3 ju Lajje.J .jlai>. 4Ja«J 3JL>. (_y3 (jl llV 1 ^-3 

^_aa*.Vl ^1 ^at_i 4a>.1^V1 3 ^_aLL3 * Ji_l*_l11 alaaaaill ALaal i ^3 Jaiaa^JI 

(2ruj jL*3jVI (j-CJ 1 3 j 44 Leauljj J^laj 1 3jUll JjXao (jV tiilij <J£LaoJ 

alilj^aJU jLa-il j_jJ_ 33 h~ ,. 1 (jVI Laj I Jl>. ^1 -i 3jU.ll , UjU A. 4a>.|jl 
. L^aLLl (_jaaet3 JjastAJ 
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pl^gjwJI ■ ■gn’illg QgSJI 


Jl5 Juu 2UU 4_jjIj /24 ^Jlu 4_ej_<_u Lixlajis 151^ 

4 4_o4_u_u (j^-iLa 500 Juu 4 ulSIIjJI 3^u>JLl ^j| (jr ju till Ju 3 4_u_u 

jILa l_aJ I 120 4x.j_<_uJl j-Luj t4_ulj /ju_a ji_x^ l_aJ I 12 4_c.j_<_uJ lie JuLLu 
. 4 -UJ-J 3 4_u_u ^jjuIa 5000 Juu ^-Ic. cLuiiU! (_y5 
JlUj 3 j-3e_a Jlusj f m ,< 3 >j5LLq ^JL*JI ^)£Lau 1962 ^le 

j_Lu lie jIuluVI \ ‘ “ jLa^Ij ju-oj_« £)_« (3C 295) 1 ^ jl<~ 

4e^-tjJI x>JlA jJu9j 4ej»<_u */45 (^1 4_ulu /jILa jl*^ l_aJ I 135 

37 42L>-j_a JjIdj JS^ £JJjll u^jUll tU^JI 

* QjtSj^&A j54) J-fUvVl ^yjj JZLI Ju9 (^lUuiill {j-a L-dJ ! {j-A £JJ>. ^jjj^LJLl) 
t-Jj^l (_£?) 4_jl>Jt I Cj!jU>JLI 3_C j-ASX-A J-^vVl J-3fcj J^u 

tiJLufcj . g-LlilIl Lllejl LaJ£ JuljuJj K t t (Luj^5eua 3ju?tua I 7 

jILa 32 jlJ uLaj Juljuj 4_c^_uJL5 4ej-cuJI (jrU ijT -iJj-lj c. UduLu 

. i>s Itl 4_u j-Jd 4_u_u £)^j1a ajIjuLa jluujl (J5L1 4 _uLjJ I 

300) *julajl 4e^_<_u i4jl_^j V La ^yJI j_a^M I Jufc j a~ < <n £)l £>^-aj Vj 

V 4_jJ mw 4 _Cj_<_u t^luj_uaJI a Laic j-Isu Lr^J (^LuLJI jILa l_5J? 
jj-juLjVl 4_Cj_<_u ^j| 4_JL» ^yAa . ^jLa L^ull J 1 (j! 

<_yJl Lj-L_> J_uaj La 3^_5c_a jLujI 4ej_<_u (jl5 4 4_5L_ul1 Juu j_a LajIj t_ < > mLuj 
4 L_a 4-u j-Ja 4_u_u (q^jJLa l_aJ l) (j^uL I 3 Juu Le ^_aj dul^ 151 a julsil 
J_A_C aLaJL*J1 jJu3j 51 4 jLT Lr^P ^ JuuJl 1 JJt ^yle 4ut till5 ^y-uuj 
.t_La_A-3 ^Lujuis 4 _L_<j 3j_4luu (jjSUl 

3y$y^fjJt 5^1i-i 

1_4JI till5 4tiJjutlj V Culju L^U ^AjJI ^uJ l5 Jlla l_a_^jj ^JJ?C_LI1 tlul^ 
juIdjJI 1 JlA {jjQ ^ejJLj » a! a m<Uj JJutua (jISLa 4TliTla Cul^ jJ La^ j-^Iau 
(jl (J7 ^ t-.u-4-uJl ^ 1 »>>Itl 4ilLfc CjL c.j-t.uJ tijjufclj ^y^£ t iSj -&HaJ 1 

1 Juv Sjluulj ^j_5elJt (ji ^1 44^->Jl aJlA l_ 51 xuufal t^V 3jju>JLl 

* L^ljua ^ 

<Lej_<_4j ^J-a (jr le 4jJLujJ 4 -j^Iu (j-A JVjlL-u^I 4_uLx^ ^jLu JlaJj 


88 





jJ 1 »-SJLoJI foJLc 


^ I <Ulj_<_uJL) £ J_& /t 3 ^ 4_<_uljJ lJ ciJLkj pjj?e_LJ! 



p.3 p-seJJI j-jj) <«-VI 4_<_uLa_I»l <—al mh^I ^jSLxjj 


(J* ~JJ '-^ tl 4 _JjLS_ 4 I Sj-O /-^~ftt djLclj tCjjJ-Lt-O jllalljl 

^yUJ i I Ju>. SJluuJI p^still 4 j <? I ->t J 4im rUj tpjse-LlI p3j_a j- uJ L l I I III <>m 


. 4_u_uLi_4 4 £jj». 4jI Sj-u-^JLII BjIuaJI oJJb L^J j^fcn ^ 


t^-Sekll ^J-A q^yiuJ (jj^.JnIuJ-3JuJ lC £j\JLuj ^k-t^llAtl ^UJk Juii 

gl i^'vl »1 4 < »«ll 4_*_c^UI pj^till ^j_a jJ lC. »1 1 ^i^>j p^« mij (jl (jJLhi -*! 
*•■1 «>* A tl ^ A a .p < tl (jj) ^ II ^j- 4 1^-u-uJ IjjI^ p ^ Ij i LaxS J 

f-pjui]l JlLo a!4 jI (j-teaj (^jJI aLuakll-pjjstill (jrU plfcill 
V 4_jj_j_i1j cliL>.j_a ^ nil 4_ul_L£kJI pi < m'vVI (j -* 3 JuJulII (^jlbej 4 jLj 

3^_£>Lk-4_u^_c. 4 j»j 11 -< djjfcliaJ 4_tkjLc BjukLtka ^j-Q-2 . 4jjku_J! ^_*JI L&l^j 
pJLc) p «ol 4 -lLc. 1jS lUl ( 4 c<jJj>* pk ai_L) tilLaJI pic. I Ju-pjjstil I 
1 ju& t4_ullll 2LJLUJI l_jj^>JI Juuj Radio Astronomy ((J^jjIjJ! tiilaJI 
^jlJLaUI (^j-t^-iJI ciULiJl pk LLll>. ^Ijj j-^-u pkll ^j-o £jkil 

t J_jL$j| jUa_Ul jLajJb Jl j)j^l*4 4_ta <L>»j i^JlII CLcSjJl (jL>* ^ylo* 
cjLk-uJl j_aV Qj)j^l<?ll p^J o±s>* (^jJ! ptkjJ .1 

pL^Hjfcl £ — u2> j_a (-d^lMill Ijl^J ^jLiiJI ojISL^ t^LkkJl 4 j^jj1jJ1 


.piUJI ^ LdUJ! ^Uk 


4jj1 4 Mill plj->.VI 4_<_ulj.i pic) 4 _jLj tiikJl pic lJijjju 

.(4-uLt^kll pl^j>-VI liiij p_u ^yltil jjjl^JI CjL>»JL tZkuL 

t4jjJjlj CjL>.j-« jJlusj ^_pil <LulkkJl pi < m'vVI qC. CjLajJjtil Cj$iL>. JloIj 
pJLc j-kLj l-«jjJlI 1 (j-* 3 u^J *(1945-1939) 4_j_il_iLl! 4_dLL»JI c_j^>J! ^LSl 
LaJ lSj (^jjjljJI ciikJI aLa-k pjkj jJk . ( J_aLkJl jLajJI ^jJolj-a JljJuv 
0_>J-p_^jL^LU 1 LaJuc aLul 

J_u3j 5j_^vi Jlju L^-ta CLlSz-l.us] ‘ c -1 / >» A11 ^LgTn-u I 5j_^vl pko ^y^-p Jll>JL1 

L^jJlj JjjJl CjJu>-j ^y k . C^lil ^jl Laj . 4 _kILa 4 jjjj!j 
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pl^gjwJI ■ 09 SJI 


{jt £i lLULoJI «jLaJL*J L^ia j) ♦ > 11 »"-Url^ ,a 4 jjjj!jJI CjIjulII £jjQ 1 <>»j4 

_}Lujl CjLuI^JIj JL^alu-uVl 3j^>.V JiitL-u! Jjl I Jlj I jSLifcj iCjLauaUJI 

iilAJL> ^ i nil ^jVI cj!jI^i->J' CxjI^ jlII L3_>>. ♦ ^jjjI^JI alkali 



L_sVT ^yC. 4_uLv. g.1 I>> Atl 


L^jlsI j_a Cj.}Ju>. ^>«j L_jJI La Lr k. jjjjlJI Ju9j 


\ £ mjjj LajIj^I (jr\J d^JjJLi (jjj^latl J . ^I 4_LaJ^>. 


(_£jJsLb .^LiiejjLlll 4_4 -jJl2JI CjIj a mh 11 Lt Jl£. Ijio^Lsej £)I Ijj^T (Jj / »>s Atl < 

<L>.L>.jJI ^a-<-ul 1 gjlf. Ij^Ud! Cygnus <L>.L>.jJI 4-C.j_a-se_a 4 jjjjIjJI 

. IjSLaj . .c_j L^jj) a < mj 3L^-iij <_pJ!j tCygnus A I 

(jy-& aLa_<_uJI (jr ^ LU Juil CxjISLI 4 4j^j_}Ij Ill Cxjl£ jJj 

V 4j^aJI La^-uu Lot VI 4 Cassiopeia A f Lr j_oj£J! CjIj 
Ij_jL£j 1 a l—a.T<_ AI (^1 «>> A tl ( j_a a ^ 1 Ustl a ♦ ^ .11 ^jufc I jJ jj ^aJ ^jLcuJI 

1 $ j 4 ^ h II Ij-L t -aa (jl oj-* lQ «^jll >j)^ < mI~Hj ^jLU mUj L^jjjj) <<oj 

^ a < ny I ^ JlC ^j_a (j^A-ajlj-jj-ajJI (j_a 4djjla Jl3J * I Jlj 1 

. jLuajVI LojLc I JlA JlaJ 4 jjj.}IjJI CjIjL^VI VtciJLLA ^yjl t.^4 


M j*l\piloid 


VI Vj t4-jl » I I JJ>L j_al (j-yj^j?e_a ^y_j ^1 Jl-us ^JLa Tuv l ^jl 

. La^_a^jlj^e-a C-<_ajJ^-t-^l La Lilj iCj Ju>JI I Jufc I Jl>. Jjl^tl 

3^j>J,l jLiTlC.1 4 LajIU^Lj C< < La l!il ^Jjtlll (j \j 4ial_A CjL^LtuJLL^ 

^j^tlll I Jj>. aJLtiaj 44^ £)~t a ^jjjcJJI aJLvIj jjLlu ^jLaJI 3jj-L«aJI jLLdI^ 
L^jjj^ < ( \ \ inl ^j_5till {j-a <LuJIJlIL^ 4(^\jjj>J,I ^LvU<^ l aLul <,-Vm ^Ul 
jL cu-a La-Alj->»l (jLij_>JLl ^_aa IjSLfcj ia^uj Lfcj-aa^ ^£Lju 

.^^seJJI (j_a L^jLjjSJL j_LaJu 4 ajl < < > 1 a^ <a 4 L ^jj>»VI 

( j-lj±j>- ( j-A jJ_3JI I Jl_A 4J (j-u-ji 4A^5tlII (jrU J uiVfU jLJlII 

4^^seJJI 4^11^, {^Jb La-« Ijl Mil il ^-ojl 4 jjL«jlJI ^^ulJI CjljjJLb /■ U>^.tl 
tliljLiJI 4 >JlA j^Jlu La JlIcj . 4jjJl>. ^j-a ^La V j_a! CjIjJlII ^jpU ^jL-salllj 
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,59^1 jJI uSJLoJI pJLc 


cjIjjJI jjLUb i^djLfc 3jlj>* jJju 4 4_uLjJI cjIjLoJL5LI1 cjLLo \c.j-u±i 



3 Juu g .jjug Jo ^I 4 jjjjIjJI tliljLiVl t4j^3 4 jjj.}|j CjIjLcuI 

1 Aj 1 j ^jJI ^ ljuk j* tdjljJ.1 Jo Ju^Lo 

^jLt-saj 4j5e_pj Jl^. JLLo < «jUi * I «L>-L>.Jl1I i£jjj|jJ| ^-=9c_lJt Jl^. J$l >«j Jill 
jti 3 jLl*Jl! 4jvljVl dllj 1 ^j*4 Jl>.^ ( 3jUU 3 jj_4-£3 L$J CjJl».| Ju9j 4 jIJ?e_o 
LajJl>.j jlcLilII 2 lc^_<_u llILLII »1 gif,, <- * <k^» Loju£.j .j»o^>*VI jJLII 
Jj-iLo 200 J » j j si I j_A> jl£Lo J| t 4_uli]l JLo j_L£ <__sVT 10 
JlJL_lII cLuliU! JLo 50 J_C.l_uJI 4£.J_JU Cul£ lil) i-Ujis <LLuj 

J-o jGj>JJ Jl JoljLsLi JuljJI (J_uLu9 j *(4_uj_cId 4_u_u J^jJLo 
- ■ / <j t, i jjs L>m U-^ 1 ^ 1 "j" 1 * 

I Jl_A Jl_usj 4_Ijl_5e_o jlc 4L_x£.mi Jo ^_u£Jl cliLaJI »1 4 1 C. <—a^Lt^ Ju9j 
<_3^Lkj| ^1 C^LU! S>jufc Jo sj»- jl£ Ju9j ^.iL^allt 

»1 o 1 r. JUa Ju9j 4 1 3^.L>.jJI j^JLlt ^eJil jjl>J,I jjJit J-uu 

jc (^lilll cJiU ■ L, ,,j j_ 2 j 4iiu t 1 JlL>u 1 ll113J1 

tilLaJI siUJL. Lit .Eta Lblj Delta LJjj Gamma LoL>. 4j>LJ1 
J_j3 <J£ jl>.I jJsj 4 j_U Ijla jc ^LlIs ^IjLo ‘Gtj IJLs jl3^ 4 LJI^Iu_ul 
JjL^t_sa lj_3_33l (jl 1 Juu 3j_c 4 jLjjLj^ ^_Lc 

Ju^dj-a dJJLaJI »1 4 ir. t 4_«lj 4 j3Ju ^jlSUI JuJu>u ij^M . Luj_3j 

Cxjl£j ' >-Vm 4 jlr. Jill I ^-4-lj-l 1 (Jl < nil jLqJj 

Lfcj-La^ t_jj_3j Jtilj t LjJlju_ulj ljlL>oi tiJJLiJI siULc Ju 3j^l J 

j5Lj ^_Jj .4i^UJl Jo 4jLo Jo l_j3j Lo-J ^^Lo 4_La_3j Jo 

4_til 1^1 4 LoLcu^.! Ijj-J (jl J-*-9 j-1j ^ 0 - 4 ^ 4 J Jl3ll 3 L>.LLo 4jI j-oVI 
i)I j5Uj - p \ ~ LqILo- 3 Jl>-IJ! a U> 3 /f 1 4 jN.L 4 . 4 i -0 3 juJ lc. 

s>Jl^ i4-jjjjl^JI CjU.jJ.1 jjL-sa-o Jo JjJjlHj Lie. CjIjJIj J.I IjlA 

jLjJ_5tlJL> LLj_*_o IjJ 4^1 o Juu Jl ^SLLaJLl Jujijj . 4K 4 ^ 1 11 jk 


54j^Jj!jJI j si 4-^ 1,1 Jo p />t^.tl ljufc ■ 1^ 4 ,, J 


4J V Lulu 4 JlS Jo 4j J-Jiill Jl^C V LLu^i j-oVl ( j J? Ju V 




pl^gjudl ■ ■gn’illg QgSJI 


jjlC. 9 -I 4_*JLj (j I . jJu L^_l 9 VI 1«A11 ^Lvj j £)-4 4 -aJlj 4j I 

4^L*jJ! ^se-til LgjJ tS^JjLu^d 4_3t_L>.l CjL 

£jdj^e—L& lLILlA I 4-3^-*_4 tiilail ^ljiieIu_uLj . I 

. jL>* ^jL-aj 2UL* 4 _jjj£JI L^jIjLcj (l <L>.L>.jJI ^ m (j-4j) 1 4 ^ 4j-3e-u 

u*£it4*r*?t 

$4_j^j.ilj-H oU.jII CjLljjI <- iiiii j_A La tjl J_<_u LuLkjl ^1 jjLlu LlA 

Laj 4 ^ Jljv.jJj c_(-^_(-u 3jT(£j * Lj^j?c_4 jLulIIJ jLiJI 

lLjJj-jj 4_u_u 100 <Lu3j^. ^j)~ > m 4 JjL 

^Is Mill &jjb pL~Hg. Lljj»>J, (^^iil) 4_ujjJI_>JI ^jiVI ^-4 cjI^^Lu 

till t Ml 3 j_jJL^d 4jj^£ JK <~il ^ jr 3 £*IbeJ 1^ is\* \°\ t3 Jj JlCJ 4 3h V 4 CjLu-A 
Cj VLv Jl>- G La-La . 4_uj_tLa_l! 4_L_uJ I ^j _4 4 jI _4 ^j _4 L^j>» L^J _4 j L 4 ^JLu 

Parsec LL-ujLJI ^j _4 cjL _4 3-lc. L$Jj_L jJLu / a ^ ^ jr VK u>l iSj-^ I 
. (4_uj-us 4_u_u 3,2 = 4-tSLla 3 jl>*j LLojLJI) 

:Cj|jjJI <_L_<_uj|) i^yC. BjL^. 1_4 jLc p L ♦ /aj 

I Jufc Cl<- p >j . 4J£ £)j£LJt ^jLa <U t n il l_4Jjj + Jo-lj 

(J_ 4 -*-J La ^j_4 J n! »-^tl <>> tl ^J_4 3 ^-L-i£~ 4_L<-uJ ^y2U-4-* jLiJI 

1 ^ i cjLjj^-jJIj cjLjj^SLIVI J i^'°\ i _ r lc ^L-^VI 4jLr, 
j-Lx^aj (jjllll cjjJl>. Juuj Jonized Gas jLiJI ^LlII 4 _lLc ^ I 

^jufc JIj_>*j ^LjIj * Jljjfcllll 3^>. cjLj^IiSJVI 

LfcjLol LLp.1 L-4 i^y. aA-u La 1^ CjL_u_uj>JI 

4_jJLa_»JI ^j_4 JIL-U .4JjU a j , "jLl /♦ ^ Cj VLe_4 I Ji 3 j_4 

(JrU _}L>oVl I JJt Jl4 ^j-4 j^L-aJI 9. J) «>>U (jl jJa!jJI 4J-ds 

aJuJuoj <,- <-*-< ,1 4j|j (j_4 L-t^-4-a 

.Sjl^l 

^Ljui^l (jj£Lj V Lilli 1 jL>iiVt ! juk V ^<it^«!l S^Ull ^ 

4 * uiVI Luaj I j ' ■ (Jj l 1)L>.jl! Jl ^ya Q\jui i^Juz j »^tl 

( i .SjjjjIjJI l!iL>._jIIj Cjl> li 3j«jiV!j ^jSr I Iinijtl 
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jJI t-SJLoJ I pic 


j jlLo VI 3jL»JI (j-^jjji-j^JI (j^Lla jlo^l 

^alj»j>. i <i a ^ I ^ ^*Lc. jl^-^l (_yl£- L *“^I ^o-i J-o3 "la3a ulil^ < < n 

oLvjJll (_>3i»J (jl-JL^tlll 4->.j tiJlill aLol^. t_3j_*jj Lijjjc-a 

(jla- I JLx. ^-iLuuJa CjIjLcuI ^ t*»»~ (j-ta.jjJi.j^JI 3 jJl 3 ijLiJI (j-a (_,3 Lj 4-j^.l jVI 
(_yl£. diljLSiVI aj-& i. I * I i~j 11,a] (J^s. 43jj.i £>-0 3lj3ll (_y3 (jjjj|j_ill j_iij 

. j " a j~ <1 ' i 21 jjfc 3JL*-a (jjvjjj (J_jla 

JJsl 4jvj_U OjI£ iljj^cj tiJjjejj (j-t^-jljJLi^J! 3jL*jji OjI£ lilj 

(0-3jJI lilli (j-a OjI£ Ll^. J *~h~ OjI£ I jl Lol j~ aj" i i » 21 jj-a 

ijLiJI 4 _c,j_ui (jjijJLi -> i^<tl <L>.jJ,l (J^ia (JjjLlS (j-4^ i-dJi (jr^_9 'Jj'*.* 

5-iLa- . .i t j -a- i^-i II £_3aj_U i_3j_jlj (j? i(_£jJ3ljJI ( _,‘\lntl ^jtVi . uj IjSLfcj 
Ja^-u (_y3 LfljLc. j3-T j^la. jf jL^I lJi3j (jjj i Loj^« (^ (j^jj-L^II 
. L^K L^Sjjjej 4jjjjIjJI oL>.jj,l (jV i4jLjjLl3 
tillj_L3ll i. 1 1 n il t-ra-jll ( _ T S 3 j_u£ I i^jJ-jjj-ll '*"311 ■• 1 ^ 1^ Jjujj 
(jl) jj-T Cy 3 lIsUjI^ Lg-aJLa-~ i n" (jl JajjJLI (jjj (_,3JI ittj’s1 1 „jUI 
.iLjjijVl 3j^UI tjK t .i i JL^iVI 3JjL*-a ^ i(cjJl>.j 
.( /. « m.„ 21 ^Jljj (_^lll) (jrtJj.jjJi^l 3jj 3->-j^a (jl aLol*JI 
Ij) 31UI j .«LujSLII L^JjLuij licit «ol_ijKJI» i_dJj <iL3um (jj^3 Laaj 
i(l jo-3j ‘4-JJjSDI <tc,liVI) «L>.^J,I tfJLA f. JlSt~ I n~l Ji^ (_y3j| (JjLuijJI tfjuk 
ic.liVI 0 JUt ^jjIjj ^ol i n~t i«Lll3jVI 4jjjjIjJI CjLij^ i nl~tl ^t^«a Skj 

. 3JL>. ^ 

t_ . 11 .i i Lajji iCjI jJLi sLs-jJJ I iTjUjKJI jLui.1 <_i j i ii Lai 

aUe.ll |J^ ( _ r 3 Ijl m~i il nj_jSLII tllljj lLojjljI ( _ T jk 2ji (jl 

. l,U3t l 

.~| a iLijjjta (jlj>.j|j JLl^JI i. i-a- 1.1 «L<jiIjJ Cjjl^ lXSj 

0-3jJI (_j-3 (0-*J *(oJL«JI (j-a 5-3 j33js aLaj| ^ 

(jl ^a-^J ^_l3jI Jl3!j . «btli3 <Latli3 .. Lijj^>iJL 4_Lal^ Sj^-lss (j^jLa^e-i j-l3L>JI 
ijajjstill I^-lS 0>-j 3 (_j3ll 4-iaJjiII ^jiVl diLalajtla (_^3 y mi~i n (j1i>.j|jJi-L^II jlc. 

|jjjj?E-a Ju^j (jl ^a3,jJI_i * La_l!^J I ^ Ij3 j "tr (^j-ljI (j-a 1 _)j-3j La £^33 ^aJ Jl9j 

l(Jjj^sLaj (_^jj (jl LLiLl3 i4-1j< i^II JljJ-iSi IjjsI JJljJ I ^IL.1^ (j-a 
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pl^gjudl ■ ■gn’illg 09 SJI 


<ji (J^ l^stj 

L^Jjls ■ L» £3 SjlxIJ <L>.j_a J_tdUj3 V L^L* t^j^vjjjLi^JI 3j3 ^jjGj La J_Lcj 
-( jrtjgjj^ljJI (j-A-pLLHI 4c 1 U~ Mil La-Jo J_<_uj3 1 ^Ktj tj,~ 4 j~ n m 21 

jJ3l I J^L-lTu (jl 1 4j_Ljj>- JJ Jl_t^J I Jo^-L_>J L-J 1^1 1IjjJl! t n iL»tl I JlA 4-ij I_t2_4 

cjIjJ ^ac 43 LJo^L ^Qll Jlj^JI (-<**-< (i 

L-t-^e-ioTt-S ^^UjlJ! 4_sIjJlJI eiJ jJL_u ii.LLt.u.j LLjj_j?e_-a £j| ^_iJojI jLLlj 

cj jjj_jJ 4 _j <_3 JiJLj ^3 j. Li mi J^>.l jlII ^l>.j)jJli4]I 

t jLiJI u -0 4 jJL>. _il£L 4_olj jJ! 3l jJJIj. 4j_lI jJLII 

U^j La_j_>«j ^)L^_>o ^1 r^>o jl>-jj Luj_3j ■ L, ,,j 

LjJLL jJlu L^j Jo-tatj (^jJI jtLioiJI q ! j_tC (j_4 4 o_L3j 4JLfc 

^j_5e_(JI^ t4_j_>. 4-a-tC ^JlLa ^^Lj-oLuJ 9-i^u* £)l jl issr VI (j\j& LaL$_j 

j Mil fU jjlall]l JjjJo Lr^ ^ J 1 M ~J 4j_JjJJI ij y^ jJgJ 

t La.iO> < »1 JJ-t-u <_jj_3j jI 4_UJi^Jj_u ^jj>o jI £.L3o_u ^J! 

?Lt2aAII (jjs (jrej.jjJij^ll jlc. (jjs JUJL>. IJlo >. I -a- 1. 1 h j»_y5c-L)l l!i_j^j 
( _ 3 -S L^jLo. j a~ < <i~j (jjj JijJL>. LoLs. SlLo Ja«" 1 njj 

.lIi^II J^Lill llH 1 

1 3 I" -a- a £_jj ^J-j-uaL^JI ( _ T 3-^4joL»I!jkl (_£_jJjljJt »l <1 If 

*- '* wU ^5-^1 cdJj CjU-^U CjLljjI jj- 0 

1.1 -»■ 1.1 jj-o j_iiSLi ^5.91 jju^all I jukj iTaurus jj-UI ^ Crab Nebula 

oL^Vl ^ iN~l .4 jjjjIjJI <JLiL>.^il jIjllssI 3jL>JI 

(jjs 3j \1 .^\ll cjU.^ 1 jj| iSjjjjIjJI diLij^ i ,i!~itl ^1 jjr~t mLj 

(jJLc. 4 I j I *~ (j-SL«j <±-il » j ~il i_^l 3j^o 4 jLo (jUaj-ijJI 

jOJJljji jjlfl Lilli i 4 _»jL^J 1 3 jL>JI Lllljjjjjjllj Llllj^IiSll'i?l A_il_L^J (J-uLluI 

lIULlcsj (_j 3 ll SjjjjIjJI jjLi^ill ij^ 5 " L ^'- 3 <J-“^ (jUaj-Lull 

(_ 3 -LUJ-SLll Lilli ( _j -3 ^- 3 j l 5 j-llj 3 J Ml II jJI - 3 J ' «-at I (jl il iJ_LLaL>iJI 

Jj_«_a (j£, 3 jjs ^jei Jjjj JjuLAJ 4 jjjjIj l!iL>.jji jJllcsj ^Cassiopeia 

jJlljj 0 ^“ a £y* ajjJuus »1 aUll (^jJI ^L*jiVI 

jJSLlxlJ Lllj^ejj ^Lij 0 .3j_,;,^.tl t . ar < 11 II ^_i_l1 1 _LL. cLLlA ^.Ll. j 1 > t I | JLA 
liajil^JI 3 lJLaJi,l iiljL>.Vl (jl (^jj^IjJI Lillill siLcl^. Jl>.j JLa^ . 4 jL »11 l_<Jj^. 
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jJ 1 »-SJLoJI foJLc 


La! t4 _uIjJI ^£1 y-A ji-j^ 300 j *»■ < 4_c.^-<-uj l_La c_jjIL3j 

l_La *_ijJLaj LLp-i t ciJJj ^c. 4-Cj-t.uJ L^jL3 3^H^_1I 

J Jljla 1 ‘ Lt^. JlaIuj LjLp-lj 

.cLulii! {_yz 3 Juu t jLjlIj^L! \c.julu I 

.L-uLSCJlII jJU-aXI Ijufc LalLq ( yC. ^Jt 3 A Ij 4J»UdL>JI CLSjJI J^>-J-J 

CjLwjJl! (j-C- C-t-t-a-j*. CjLoj) 1 x 11 tiJJj ^LuLo ^Jl LjJuIujj Jl£j 

0J1A 4 y>-J eLuL& j-u±oj J_j1aj *4 3U Ul eJJb ^j- 4 4jjjjIjJI 

*(^,-^>0 jL?e-3jl) jLsejijV \j>*j-<-u-a dLl£ L^jf jjfc t4_ujJLll 4 _i£j£LJI 

oJ-C. j_Lu 4-g.j.« <h t4^^tI<JJ 3 jU! (j-* 3 3j_o^ 4_j_a^ 4_Lc. ^_j_i JlS 4jLs 

. 3 Jl>>IjJI 4_uI!lII ^ cjIjUc j-LSLI' t j_a c-aVT 
jUlII (j-o gbCuug 4 jLst < <n ^IjLuo 4 JLv jJs 4 ^jJl3AI 3jUI fiJJbj 


4_jLst_tjJI t^A l_t£. 3 Jll*_JI 4_p-llll j_3j l_3^jj_jj_<_uil 3^1_a (jjj jLillj 

JljJulII Q^LJI (jr £j . 4-3La-«.ill 4^L>. jJjjv L^_l3 c X 1 n n J^aLUt 

lLUL3JI g .1 4 \C, L^IL_uIj Jlj ^ j_3j 4-ub-^LL' 4 _u^Jl!I ol J^X I {^yz 

- 4jj. .tl jLc^jVI i ^JLlII cifaSe-Jl (j^JjLse-o 


( nhlL LaJu-s2>j Jjtjao i4j^3 4j^J^Ij CjLtiaaj jJu-aJ CjIj_>J.I oJlA 

^jJI llULlII g. 1 ^i c . ^ jl 5 c_j^ . 1 1 11 (_jjSLca.LJL Laju-^j ^j- 4 ^-<-uj I 


£j-ta-3 ^JlII-jLcjJIj jLIa-U ^<u t4 _oj^_3j 4_3jj-Laj jjLuail ^>L>«jI 

^y-jl <>> 3tl 111 a J ludj 4 ^ o-j L-c 1 4 t iic^» ^ I 4_uoj j 200 

CjIj_>J»I jj-c Ij- j l T <^ Juul t4jjjJl ^Jlc ^ jr ic Cjlj-5e-a Ju-^j 

. /. 1.>> A11 j j r A 4 3j->-, „tl VI ijJJj 4 jJjJI JLse-o <G^L>JI 

dJJLaJI g-1 ^lr. 4-^jLjr"i , ,n ^ jJI La 


tiJJij t^j_5c_Lll <LLLa CjL<jjJL»-« dlLaJ! »1 ^ir. JlII 

Radio 4 _jj_j^I^_JI (jt-& ‘4 j Mil mi ->JI 3jlj jLulu 4 i > »V 3j_^jvI j V~ > »Lj 

( j-c LaLxj (_3Jbitj (j-c- 3 jj_^ (jr Laju 4 jjj^IjJI j_diLU1j .Telescopes 
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L 4 J 4 1 a < nil iJ7 £ (j-1.1) Lb jotm I 13 ciJjj 

lC 4j^j9 »LCjCj Jl^cj ^->*T ^->0 ^Jj tSilillS 4 _jjLa_JI ^_>o ^j-a-tl 

4-Jj-J_}ljJI CjL>.j_U qI . I 4->.H jJI 4_j| i^j-o j_lC 4j_}Lc. 

/ d j V \j ,>. tl Cj|j) < Mill (J-U^La jJLu 4(JjL& ^JLc ^ylc. J L» ' LJjLfrO 

4-j^ <<ojtl j-iIoLlII V t^LjJLp- _}Lul 4 _aj1 <^1 < h -%.1 tiJI_t^9 

.4j^jjI^JI j-jIsLULj (j-oj t Ls^LLI L^luJj 

J«W» ***»! !» **1$ 

4Tl«-l 1I,I <G^L>JI cjlj_t-^Vl lULZlII (J^-l (J-c-^jjjIjJI liLLUI »1 a L. jloJ 
^I^JIj.^jj^l ^LiCjlj^se-A Jj-U-^j^il jLtxIlj^tiJI <jjA 

CjLwjJLI ^--i-a-j*o d "< AjUjj t^jj^ljJI jUaJi .1 ^a-&Ij^-j£| LajL j-A 

mi ijr lc La-AJu>*I CjLuI j-^il £j-a (jLcjj CJLufcj 4 jjj^IjJI 

3lj_C SjLt-C. Jj^l £j-tJlj .^J^jJll t 3ll Jj ^yjlj^jl ^yjllLllj J-U^ 
j-A ^ I f. 1 _A^£j3j 4jgjj|^JI 4*>L1*JI £_a^>o i^J-x^Jtil 4-L-la 4 j^jIj 4_u JlJi_a 
J^L>* (Jj* 4jgj.iljJI CjL>.jII (J-3J3 t3jJ_JI 4 L>3 1 J_Lc ^ -L«_ ua ^3»*I 
3 JlC J1 < 3~,,,VI jL^w CjLus-uJI l_L&g ♦ j-3L>J, I ^Jl 

tiUj .uj J-SJ3 (<u Jljj jU^ <Jd>^ o^j c>* 

3^_&Lw (j^«3 fCJ t(jr )Lu < U>4. a CjIjLcuVI £jj^Sl I (J-C?e-t.<iJ jl ^yl\ 

.(^jjjljJI dJJLaJI »1 a If. 1 g > (ij Jl-J 

4_jJLc jiH La j_A i^jjjl^JI lLULHI ^LLc 43iiil^l La c_sj_c.Ij CjJl>.| (jlj 

.Quasars cjIjjIjSLII jl ^^e-t]| ^u-ul 

..jil 

4 < m a^- Ij-Llc, JJS (^gjjljJI cilioJI »1 aIt. 1961 ^Lc J^ljl J^3 _a 

CjLj)5Ll(.l1tJI Cj Jo-jj 4 4j^ 4j^jjIj CjLvj_a L^-La jJozaj / ^ 1 »>» A11 ^_^|Ij_a 

(j_A L^-J^ 13r.Lb 11_L>. ^j_Ci]l 4 H^Lw Lajj>o ^JaljJJ aJJt 4j^u^jJI 
I JlJJLJ tiJj_3tI(J t Lu^C ^JL_u ^1L m 3 H I Juu 1-A- t ^ ^-C^jl . l_(Jj_5tA 

^_U L^_jI La-^ If- J-CaJI 4_C^_«_u ^j_A ^-Li^ ^Jl < <0 jU CjLc^oJ Lie. 

Jju I JlAj 4 L^IIa Jljjljj j-jJL^ 3 ^ • n^J 4>jj-^aj La-^ 4^LLd Juilj j-u5o 
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159^1 jJI uSJLoJI pJLc 


. At | g. Uk 4lktlj (j I 4-s $-(^uj I ^^j 9 t 4 j3 LLs £_j_L« yk 

^j_a JljjJlI 4_j_jL<la_3Jl <?Ji_A kUkll ^kJk Jl».| 

Jul_JLujJ,I <jk Llj .(jloj) <;f.j 4_)ljk £j_a 4-j j- uC u U, 44 jI_ulIIj 4_«_ulj jJl 
/ d jj All 4 _j^j^IjJI CjL>- jJJ oJJb J^JlLu I Lu^se-a J^b 3j-uLua ^jj>o yk 
Quasi-Stellar Radio Sources 4 j^j^1jJI ^u-ul bjk IjklloT jks 

Quasars CjljjlI jSUI * Ijl i,V<^ 1 j 

{j-a <-kVT 4 ♦ ) kLjo-kI ^<u 4j_d*UJ! dkjJI iJ yIL>.j 1961 ^Le Ji_Laj 

tilij Cxjk bj t l_La 4_uj_tk 4_L_u j_Aj 10 4_^L_u_a yk LfcJuul Jl>-CjIjj^SLII 
4>jlA (Jiki ' JlSLaj Lie. JljuI 4_jk 4k_k_>JI 4lbL_u_^ 

.3j_l>JJ »1 4 Mill jLUl Jl>.| 4-3 k ^Jk t4 i^i aLUl 4_uLtlkJI 1 m*wVI 

jjfcj 4C±I3 i^\ 3C j—« jJLj L^kka-a IjiuJ ala Mil iLJk* CjIjjjSLII J-akSj 
Jk ( j- 4 <Ji J £)k Jl 3 j 4 «Ljj_j_}IjJI j_jLu 1 I C-Jlidl £Oj-i_ak ikJkaJl jl i/Vt ^.1 
3 j»j!^ seJil 4 _l1u CL^e-JI ^j_a ^ ^ ^ 

^jjJLII 4Jk 4_l_jk jk3 t Triangulum oJiLil 4_cj_a-5e_a 48-ciJ 
<L>.ljVlj 4j-4^ v VI d<- j> o La 4 3U ?a ^^3 4 jIjJ! j_j_a->* dksj dlt- u fej 4j_a->-Vl 
j. 1 ^ A <1 (_ 7 ZiJt *—»1 JljuI y3 ^To> 4j3j^_*_a j-j^ <Lv.jjJI £Jl& yJI 

t—jjSi > m 13 jkl jLojiL 

4^,j_<jj ^-k Jju 4 48-dJ 3 4-L4Tu l AjU 4^v.ljVl 4 >JlA ckl£j 

LLLu Lo J Juuil 44_ul!l]l jik ekJl I 10 JlcLj 

, 4-uj-tAaJI (j^-'ux JI 4jtjjl ^>. J-k 4_Luj 

J Jl-LJ ^ylLlI ^1 « (I 4? j U -A. 11 cb^li ckl MlkVl I Jl^J (jk jkij 

(j\ (Jjkc 3j-pJI CAU Cxjk 4 l_L^5E-0 ^^5ek 

jkf Juuj V L^jI (jjksjlkj Ijjkj • b Sj^kaJI 4 jjj^IjJI CjLtkjJJI 3jk] 

lie JL*_U L^jI Ju9j (jVl C 3^4 44_Uj_tkJI (Jrl f < dtl CjLIa 

4^jjjIjJI kLllil ?.kk I Ju4> Jlsu ^4_u^_ilaJI CjIj < > ntl ^ru^lj 

43jkJI BJljJluIi 4jjjjIjJ1 CjU.jJ.1 4>JlA Jlk jIjlusJ {j-a ^lil 4^LLaJI 

«3 ~t ^ \ Jlj-l V 4_j_jj_tlaJI CjI j) < Mill (jru^lj ^Ltkkll j_j_4_4ij dlt- u tJ 

. L^Jjkj 

(jjl^e-^l 4 _lAJ 4_k_kj>JI 3klJkll »1 ole jJ l£ Jl3Jj 
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jjJlj (_j3Jt cilij (JlLa t jn 4 ui ((j^-iLa (j^-ila) jJlu 48-dJ 3 

(jyJuLAj t jl jl°l tilli (j_c ^_i57 4_uLuL>JI 4^LLaJI (jl Ijj Ju9 t LuIdjI L^J y>~ 

Ss-Llsj/I 3jj9 ^jL_uJ Ijufc <Li-uj (j_C jJlusj S^Lud^M (jl ciJJi 

» (jl » o it l 3jUjLcu Cj!j->JL 1 (j_A 3 j^Se_A (jrtjjlj J I (jJ^ Mir. (j£. jju-aj 
(Ih 4 lS 1 * cilLiJI »L^-lc. ^- L> . (^j_uL_uVl (Jlj-^-Jl (jl£J 

.$031^0 ^ J^i-> <> aaiui 

^ J? (j h« Mill ^ CjJiJtJ (^jJI J^-Lalll (j! 

Jl- 3_S .^j_5e_(JI A t mi I (j_« jjL_ua3 ^ jr IiJI 4 JLSL 4 J! 4j9LLaJI mi I 3^j 

(^l) Local Galaxies CjIj_>JLI (j_« 4 _j_L>JJ 4_cj_$^>J.I (jl 4 _j£13JI CjLL_uj>JI 
aJLdl^ L^isLU cjju2_lL_uI jJ t (l_Lo "Sj^a 17 <_jjj 9| ^1 4-sLJa^JLj Luj_3e_a 
f .j '-^ Vj t 3^3JI ^Jl^j 4jjjjIj oljLiL J^ujj (jl >»" (jls 

^ a ^j_u_jJ j£.L£JLa ^3 ^ysj * ^I a Lulu I (J-*_3 j 

*L*JLc ^Lal 1 > o r j_«Vl jljj-j I Jl5L&j /33>1 Utl < A ,j JL? Jujj 

^j_?e_(JI) I 4 _^LLd (jl lLHoJI A a\c. (j3aju tiJJLill 

. L^I^LU oLuful L^ia Ji*Iu_uJ (^jJI Jju-ail (jj^J L 4 JJ i(3j_3e_3lU 

dJJj (JjJjU (j£L*J (jy^J jLse-3jl (j^jJ-C 4jLa ^J! ^LtSfcJ j)l Lu-SCJ (j^Jj 

^Luil (j£. jJu-^j ( jr lll 3jLl>J1 4^LLaJI 
11963 ^Lc ^ Fred Hoyle ^,<1311 ^JUJI *L>*j 

Jl_jJj_j 3j-^_9j . <Lu3L>JI <Ut jjk aijL^JI 4^LLaJI ^JlA c 1 j 111 (jl 4_tj (Jj-3j 
w ^ j ~ I j ^ n I a ^jLiVl (^Lj_ui]l ^JL*JI L^j vL. t4_u 3l_>iJI <U ♦ <>> j_c 4^0, 
t(j_uL<_oVl 1 Jlj^ ^ i r„ 4_Lt.u.4-tTuJI 4^l_kJI ^_<_u ^ > n3j (jl L^J 11854 

. 1 ^ <>*• < ^ylc. (j_u^a_tlail 3^La < L> ♦ jjjc. 4-LtIuLJI 3j_3JI 4_5t _uj L^jIj JL3^ 

g-Lxa-lc ^ jJ V11 jla j3J 111 HI (3 jLj ij, mi c. ^-uLlII (jj_3JI (^j 
1 a! U jjLuaj CxjI^ jJ jn4 Mill (jl i4_x5H3JI CjLI mi^Uj 4jV ^Lj-uaJI 

. 4_u_u (j^_j_La j <"'<?' c\_uu.as>- (j_« y^l Cu-duLc. U ■ L\ ^ /11 1 JlA ^JlC 
(J-Ls L\ K . 4 ? mi (jryjjLj 4 mms-%. JlIa 34jjv j-^a (_^a_jJI (jl LUSLl 

j_jjJI (_^ 4 Bet he o_j_j ^JL*JI ^L>. (jr IL>. 4 j <<1 a mi 11 3 ^ 1U11 jjj^a 

lA 4 i ♦ tl ^ *6 (j-A V^ jdl JJ I m3"Uj (jjj Ml* II (jj-3JI (j-A (jt^LlII 
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f 1 A <f I ^j-4 4_<-u_Lt-u ^JLc. I 4_£ LkJ I j l_J JjLoil 

4_j^_la_j tQ ^ ^ 1 Llj _}j_jlj (Jjj-A ^JL*J! £)! Ju>o . 4jj)jJJ! 

<Cl 1:£ jJLj ^- t - u ^ (Jj) tj. Mir. 1 j!Llj)g<i!& 

^j-4 1 /l <s>"\ ciJJj (JlLo 4^LLa JlIjj I t*>~ , ,.j t ^u-^-tTaJ 1 4_!u£^ <■ *** ^ 

.(jjSUl 4^L>- Lr^J dL-Ull 

4_jlj^wl ■ t"» • c_3j_<_u (<CLol^uIo 3>U*Jt JjL^JI ^-<-u_>J I I 

Cj^LcLalll 4^LU jJjjj (Ji*.I jJ 1 ^1 j-ge-aJ j 1^ is~t* ) i^- 

Jj a j-ii. (J^JjJ! ^yJJ jUe-ojVI) j_uju Ju9j . 4 jjj_<J1 

l^jJI J-jLgJ! ^ < <i **t l I ^yC. Jj^II I^La (1>^J V Ju9 

4_j_^Lj ^1 t 3 '/*) 1^3**- <mV^ i 1 gi^«i t 

t g.U-Uij (JjJLj L^ 3^se_a jj_u_J (jjl^£J!) 4 -liu ^jj (Jjj-A 

t^j_5E_(JI (>_J >L C _* 4J (—Sj-jlj ^ JjJ Mi l 4_cu_oj c_4Jj_C ^>o j_A Jj 

(jl ^ ' t4j^jjljJI j-jIsLlXI 4_Lo 1 */1 ,^"\ ^1 CjL«jJIjJJ L-/-t-u-'vj 

«djL^JI * J »^ 11 ^jl (^1 t4_Uj_U3 jjv ^JLj jj !J ka 

^1 A^j-lL {jus jl t4_jj_L>. ^1 4JL^i tjj* 4 ♦ U t?j u $j Cj\ j-u-u j m< c. ^\ 

L^ t JiLtTuJl p / a ^_lc jj!( jl^ ! jl (_^aJ2_o jl JlJ^j t4_j^_C 

t- 1 \ t n\ 4^LjLa ^-5tUI 4_j_tiu 3^ j! jJLa < "J .tiliail »1 4 ir, 

4jI£L« lJ ^£i 4_j_u^jVI S^SLII CjJlvj jJ 0_pt_j i^c^JLl «Lujl_>JI 
^jLual^lcI jJjj-A ^IjJ Aj>-jjj . CjI j!l4 t u_L<-u 3JlC Lfcj-La^ t 3j -l*- u3 oj£ 

^j_c ciJULaJI siL^JLc p ^ ♦ ■a 4jlr. Lo ^3 I^TlC.VI - 

Cj^L>J.I ^_ljLj jLiil jjJ ^j clt- LV tLfcjj-Lajj 

V 4—Ln_a i_dl_<_Aj .Cj!/^ 1 <>» At! d ■, ,,jU.l /♦ t,! 

^yJ! J M Ml tl c 3 ^1^4 ^jii! 41-^jLp. C j_c 4 _aJl32U J^.IjJ.1 ^ ^jjJtl!! LaIjuuj 
S^j_?e_<J! 0 Li-JuI jJilll! ^%^J! At! ^j-u Lml 

(jljjjJJ (jI (jjJ 4ijL^i! 4-uLuaAil ^L_o^Vl 4 ?J_A l_42_j£j 

^Jjstll! ^Lui/I C.tS)eM c-3-^j SL^liw!^ 4jfl)jiJlj 4 jj!j_>J! Cj^LcLalll <—<_4aiJ 43 jUI 

Cjj-jJL^ .4_aL*J1 4 j « mi ?TI 4jjJa_Ll! (j-* 1 4^1^]! Lol - 
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J lUjL^ £jjA 3 jg£u 4 SjLa 9 .J t I 3 I 33 _J ^ClJu-U I 

j-t-sail ^oJL. 3- 0 ^JLaj 3^ j _9 _}|jJLl ^lojv- £-uaitJ Lo^ <LujLstii 

i^? ^ 4_ujL>JL3 * Escape Velocity (o^La^M 4_cj-<_u) l^cnJ 3^-3 cdllA <3! 

3- £Lu cilli 1 n (jr ic. jIjJLI JlAj ^1 <>>4 

4lC.J-U±J £_3JlJ ^jl <— t5CJ t^pDjVl S^J^CSt^ (j- 4 jl £j)jLU3 J^LtsI 

C-Jlojj f 1 .>■ Atl j 1U M 3 I 3^Lo-j i^- L> ' t4_ulitil jJLa jJL^ 7,2 4_ujt_a 

(j! 4_^liJI CjL<_uIj jJI 3_a JlSj . IjtjLa 4J JiieliJj 4 _u 3L>. 3_a 

ji g3ll (jI ciJJj t 4 _uLjJI ^p_a jL£ 7, 2 £j-a Jjal j g3tl (j_a Cj^L^VI ^c.j-i-u 

4_C^_<_u (j(j_u_g_tfuU 4-H.alllj Lai L-t^^ ^j-O 4_J_)3L>»J 4_ju£^ J-*-‘-^> ^ 

< ti^JI 4Jb£ ijT ic. Jl^Haj Cj^Ls^M 4-C^_<_u 3 ^ ciJLI!i 3 -° Cj^L^VI 

<?1 i u,l 3 ^LIj ♦ LjJj_Ld 4-A>a ‘ - • «<1 Afl ^JJ 4_La j 1 L> m ^jJI 

*Lc.j-uj 3j) ^ ~ 111 -(J fJ-g-tLJI 4 _Ll^ 3_a CjIjJLI 3’V^- c 1 j-Lu CL*_p*-^jJ5e_(J I 

. 9. j 1 t \ 4x.^-t-Li l_^_La cj^LsVI 

i^j_?e_Ll! ^L-Jul (j_4 f^ 3j ^jJLa-4-u.<.u-LlI 4j^_Liil1 Jj_3j Lg^-SjLa 9. j»^»ti ^1 jLaj 

t4_LjL& 4_j*.j Jl_j L^jjIjj>- 4_>.j_} J^LojjI 4 gllo a LjLd. 1 Jj r.( 11 ^ 

^ Jl_lL_u ^jjseJJI ^LlJu I (jl^ c^i ^L3j j| 

CjjL>- j_A La Ij_A ^j-u-lJ .^uLjlJsI 9 . 1 ^j-a 4♦ 

4- Lu-alJl 4 jj_L_(JI (jI 4_1 j_3j I JaS> ^JlC jj) > 11 \}-L9 * 3*^ 

4_LaL^ LaLtaj_>.| C-LjL^" jJ Lo- l ^ t^j_3e_Lll ^Lua/I (j^C- 1 g 3 j t Ul 4_aL*JI 

<- < j AjJ I jLsc_3jVIj .JSLuJI 4 a tV<'(a 3 jIjlu^jVI 

(jr-2 3jl J" ( o Vl jJl^lj /oj ^l^"i <a j-lC l^K mi J-*aj J-^-3 jJI 

t<-^l^ioVI 1^ ra i jj-jJ I JiSLaj . 4ij < a-*i( na 4_ul t^3tl ^1 1 n^.VI oJlA 

jlj-aTu-uVl £jjA ^jaeJJl ^Lulil 3>^-Lu L\5Lfej / ^ «>stl < **« 1 A j CjL^HIII oJu!t tjf-A^ 

. (j^_u_aJI 3_a 3 jJL 4^LLaJI JL-ujl 

^ L ♦ J 3j| 3j_a VjLJ 4 _jIj_C ^_aVI jj-<-u-9j^jJ 1 3)^ LlAj 

A I U,I i (J_a 1 ^ ^UJI 4 ^LLJIj *- J)«>» 11 3 ^ 131^ .. VjJL»_a Ij_u_u_3j 

3 ^J 1^1 a 4 tc-ujJtil <>>At! I JlA c—<jI ^>- 3 -* ^ x ^j 31 c^l L>~ , ,.l ^jJI 

Jl^ ^aVl eJi^ Vj .S4K b LL^dj jJ Lg-ta JUJ! 4 -lIc. 3 ^ 1 a 
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<59j-*I jJI *-SJLoJI foJLc 


4_jIjJlJI tjr JI ju Lu-Ju ju>.j jl^ 4 j_>JI 1 jl& 
.2LiaK ^ o^' cr^ Lb 2 LIjJl]| 

4_jj1jJ! 4_ubL>JI ^bLMI JsaJuiiJI (jl Jjjtb 
Iblj . 4jJ_)Vl CjIbj^pSLWl ^_a jJj Clt-LSfcJ 4^jjJ| C-U^HJI l_3J-t-U 

j <«o JJ ^ a~ Ml J ^P-LaHll (jlO OJLbfc £)£L 

Ll 23 l_£_0 4_JL>JI ^1 ^ J juzj £)l Jx9j ♦ juil 4_ubl_>JI JLsE-a 

4-j-jj-bail 4 jlJL/VI 4-C.l Wi 111 1 ijr 3 Q^j-cLJLlII c_jLl!I ^j^sujluu LaJS--ij-<-ul 
fU <j-aj t JjLa 4_ubL>. (JLse-o (JJA Ci\(T) 4JUJI oJJt 1 $ Ktj t4_La cJLaJ £)l 
.Jj-Ld! <l>. j_a cMb £)^1II 0^-a->- b)3SLO tL^HsLLa ^JajJL 3 jOLb 4£L^_La ^_3 cj 
J-lLeTJ' 3?.lj^ L y\^. Cj^IjJuu O' L r L ^ii OJUb ^yic aLbj 

Lbl JUtlLlJ ^jLua3il ^-<-U->Jl (j' (jjlil 4_^J>. ^Jl L_3_J^Jt 4j>-ljl (^JLSLjQ 

4_ub (j-a 4 _j J-«Lc. O' LajJj toi.i^j 

•>■ < 11 oLluIiI b)^ ^ ' (2)' *■—' 1 tj-t>I ^ IjJl 1 JlA ^j_uLuVI 1 Jufc (^£-3 

O' * i£j^ ^ Ij c-jjOl ^Sb . L3 jL_u Ibj^b La-a La-st^. !j 

1_AJ_XJ 4^J_3eJJ! 4>1 i uil (j_C 3jljl jJI 4_2C_1^ 1 

»1 g i r.j , (j-* j'jO V ( J? 0 Lb ijr 3Jj 4 j 1 iL^j^Lbalj 

-^_boL>J' C-t£jJI j-iSbbaj 4L_4_0 _l 1 I!^ C.^c-lH (jjJuse-a La lLLLAII 

t-dJb ..^j_?e_(JI 4 >LluI»I jlj-<_ol (j_C t 3 ^,<tl 4 JjL>J, j-IoLlU 

. 40l>. Ju£. j_3j (^jJI O-iill 


xUulf 4^ . .y^u 4+Vs 

4_C J_a_5e_a ^ jr 0 ^-3C_(JI 4 i mi t C< U 3~tl oilj 1 Q** 1 1 g r a ^-uSLII 

l. i mitl jjk l_La ^ i mi Ml <>> Atl ^_>J1 05^ tVirgo aljJ-*J! 

tlJLLA (jL£ jlII . js *I c_4j^c j_al tjLajJL t_jjSLaij ^ Martin Schmidt 
Lb-(23-J *\ ui) ^_bsj_a -3C 273 (273-ciJ 3) Jbl_A 4_uio 

^jSLtlaJl < ii a ^>»I ^yjl <^4 ^-m-r>- 4_La 4_jj-a_a tg.La-<-uJ 1 <mj 
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t 1 ^ < c—ijJs I . 4_J jJljjj 4_La 

. <- 1 <>» At! /yr I 4_3l*_a ^ Zy i_.<-3eju 4_a^U 
j_>. j_LiJ I Jufc ^-5tlll 4_j_<iu t—J jXd (jl CjJj a mi ^_Uaj| JlSj 

£)l ^>.^-11 *(L^JL^ LujL^a ^ a ^JlLa L^O 4 _u_u lJjJI 4jLa 

* Ji*t jJI ^1 jLc*. jLstijl ^ {**-*11 c_xjvUaj ^jJI c-aJJlII I JlA 

^JJ 4-^Ll^^Lj 4_jj_j_}Ij L».| j_a I Ll^jI j-Aj . JuuJI I JJt ^1 4_j < ^ 

j_a c_-<jjJI Ijla £)! L6j.il lilj <^>V1 ^-5tlll 4_j_<iu Lfcjju-aj cjL>.jJ,I 
\ I ^ i ,<yl\ CjLL3j j_a <£uls Jj *«-a 4jI L&j»C \ ilj 1 Luj^se_a 

.^seJJI 4-t-tTu j| 1 r»r 1 U,",, „I 

oLui! <LaLLaJI jLi Jj_3j 4jj_ta_L} dJJLUl al atf. } £jl». 
$3_}Li,! ^yhjuaj jjfc Us .Anti-Matter 3jlil ^j 3_}UJ <ju <L?c_uj 

L4 J CjLjjjj)j»jJI La-Lu t4_JL_u 4 ? mi 1 ^jl<~ cl}Ljjjl6_MI jl c_3jj_*JJ j_a 
jl I tLaLaj ( 3 I **rV j jl Jlj>u 3jHI j 3 1 . 4_l>. j_a 4 <**- mi 

^ a mi j 4_JL>«JI ^Jl-A t _ T ^j i4_L5t_tiJI 4 _lIL_u CjIjjjjj»jJIj 4-Cv j_a CjLjjjUSLIVI 
.(Positron jjj3jjj_jJI) 4 i**-Mill c_.< jv j_a 
j^ULilj La^jLs i3jLU <_)ia_uL j_a 3jj £_a 3 jUI j-* 3jj ^JjLoIu La_LLc.j 
jJLU-O 4 JLjLa 4_j9LLd 1 1 <yg is~i* \ <y \-*-& 

fj-C. c 3 i *> -V " ^ 4 <>> j3 <H 3jjJlj . LaL>. 4_*_tlul l j r A CjLvj_4 4J Ll A 
4_<_u^_*_4 3jj_uo ^Jl Jj i4ajLi_^JI jl a .♦j iUII 1 ^ 1 3.4j^L*JI 3j jJI 
.4jjL*JI 3jjJLI 31j-c 3 jjj-£3 1_^jL£j 

LUU ^ i(^? ^1) 6? (24-JSLAJI) <>. 

jl MM II SjjJ! Jj>.| J ^jyic, JJ JlJJ (-) 4-JL.4J 4_Uj-^ 4_bt_ti 

4—ljv 4-bfc-tTu t J-<^e_L^ / (^J3 «| jl 4 _jJ^_l3j Lai . (j-la-Jl ^Jl 

Lai .jLiu-lII ^yA-^-JI ^j_a ^| 4 -l<-o^Lc. 4_3jj_Laj ^j|j^_a 

(jjjliSLiVlj oj^Xh^l ol 4 ^LLs lj ULc LJ JlLalLa 3 jj<^>311 

aLu (j_uL_u ! UjjJlj CjIjjJIj tCjljjJI aLu ^j^L-oVI jLst^f 4jLl4J 

J^JLi 3 jUI 1 Mln CjU^JIj CjIjJJI ^j-aj 4 CjLij3_>JI 
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l £\Jj i4_ua_jlil]| S^m 1)1 (j-uL_uV! I JlA .■ A / 

4 <>n 3 itl 3 jLUj 4j^L*JI 3jLU (jrij j- t - L ^ r JI 1 )£Laj V i>£LIj Lajj_<-oj 

. LaL>. 2bu5,l ^jSLju 3 jLl>. 4jsLL ^113j 4 jjI£L!I cjjL5eIi^ t >LLSj Lt VI 
4 j^ 3 CjLaLLaJ Jn i n^tj J-t-oVI ^ jr 3 j-A t3^LU jjj-£ 3 Jiitljj 1)^£L!I III^>. La 


j-LtSo a.. i Ut«1 jus (Lo 3 jLa ^j_a ^l^_>. j_L£ (jl LLua^is jib . 3 jLAj cjLc. L*_dj^ 


IjLC La t^a-jL-t^a.>JI 4 _^L£j JSLlJlj £-jlil ^j_A 4_tla_uiJ 3 _}La ^j_a ^Ij^>* 
jJ ^1 L> . L^>. La (J£j 3jLU JujJe. (1 )jjjj-jJI j CjLbe_tl> 


3jUtt d<Jj^>o jJL . i)LSL_uil iru ^La L^j 3j_o^ 4_u j_a CxjI^ 


. L^Jj^w La dJJL^j 3 jLl^ cjLcLLuJj cjLsLL ^1 (4^jj_*J,l 4 jjUI L^lILv 
4_b^JI = 2&LUI) :£j\~ll!u jV 3jm^ Mill 3JjL*J,l Jjaj lie. J (CjJlscj La j_u_u_HJj 



^ it i ^1 i^laI^jv. j_L^ 1)LjL_uj d l >tl 3 jLU (j_A ^l^->* j-L^j 4 jjLU 3jLII 



3jl^j W Erg gjVlj (pi 3 I0 X 18 = ('°I0 x 3) x ( I0 I0 x 3) x ( 3 I0 x 2) 
4J0LL2JI ojuS> (jI 1 nlr.j tvl aUII l^u IJ^ilU a~ML tl CjIJl>.j 1)_a 

^_jjL*_a (4_tla_j^l]| 3 jU!j 4j_}L*JI 3jLU ^j_a ^Ijj>.^Lj£ jOL-aJ 4j>jll]l 
• SjUI '( 3*1 LaJlIc ^lil 4JLL4 JI CjL l aSJI ^-I t -A III (j 1 (J^-p 1)1 1 )£Laj 

5 (4jji) 4 jjjj 4JLl1s 2200 ^1jj>J 4jj-laJllII 4^LLaJI ^£jL_u3 3 a!L tl o^Jh 1)| 

Jl3^ 4 (lUs I j j I jSLJI) ^j_3clJI 4>L_(iul jj_A jJu-aj ^lil 4 JjL^JI 4 J 3 LL 2 JI iHJj (_ t \ 111)j 

oJJb tL^1 ^l3jj 3jUI lf\_i .L» ( yc. 4 >jL L^jLj cilllil »1 a le. ^JLs 
La ^^jae-JI 0 Lulu I 1)1 . jy t n 3~ tl I Ji_A t4-ul (<~t <?tl ^L_u_>-Vl 

*1)^SL1I 4^l>. JlIc I Jluu 1^-iJ (JILa-J 4^_41dL>JI CLjlS jJI ^Icv cJlj 


1 , ,.<V Jl>»Ij Lkjl JlS-o 4Jl1^ ^ 42jjjI I jl ^^lll Sj^JI ^jLujj 4^LL 3ju>»j : Erg. ^jVI (*) 
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tl^gjuuJI . .gn’.lIj QJjSJI 
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jJI t-SJLoJI pJLc 
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S.iUl) 1 <>n<n l_Lj^ JJXlJ J-A : (25)J£Lj, 
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04 \ 





3jLj_C fUjJaJI (jl < n 4 _u_u_(JLj »1 4 Mill Cxjl£ 

^ ^ijjJLLJI £j jj! ^JLj I gi A1 1 a 4JLjLa 4_l0 i yc. 

J_lU! 4 $ ih L^pjj jL$i]l ^j- 4 ^ 1gjir. 

4_l1II CxjI^ J-dJ! ^Lj LcJu£.j .(jJULv. jl j-<-u {jt £i 
i^UK 4 jJ^Ij-^ 4 jjj^a SJljJlc < U 3 i) (jl^J *\ 
j <“ 0\ 4j-*Vl frib o^ 4 -^)^ O^J 
^Juj^ . J^LL-uV< J Jjuljlj 4 4 «U]| SJlJJLoJI ^£J9E_JI 

4^j_?e_til 4jj_&LbJI CjI£j^>JI £_lHj ^Lj9 £)L_ujVI £)l 

Vj 4 1 ^ 3j 3^- (^1 lLILlA dd J-^ 

4 ♦ > ntMl ^.LufuVI Jj tjl Cxjl£ £)l Ju 

^Ijj L»_l£ tj.K 3~ll Ijuj ^jjlSJI £)L_4jjV! c.JLl>. 
ijr 3 J-cOJI IJlA 4_La (Jjl>- JlIIj . jlj_<_ut {j-a 4 ♦ < hUI1 
LtcoL4-jj-tTu-Jl 4 jLl>. ol_Lb_>J ^jjzuu J}U» iQ^SLII 

*JL*JI (Jj-S-j ljL« . LtLcj i nij^j l^cLfuj 

&C. 

4_jj)j-^ 4_j_ilu j I 4 _jj^_£ 4-jjl a i n ^^ae-LlI 

fu < j-«j 4 3j Ij_>J I ZjjJuZi 4s*JbjILc Spheroid JSLAII 
CjLcL t-Jul ^__j_4_>J Vb jl .>.U 4-t.tfu.a ^^ 

LJLc *l? 4 >i J to LU-aj^-^Ll I eJiolaJI 

L^_La jJ LaJu£,j 4^jji^Uj (^jLc 



pl^gjwJI ■ 09SJI 


4:3 LLa Jp.1_4^ - ^ \ fc>11 J-J *L£! 4_*_aV LaIj_& LlJI J '$■j 

Cj^LcL^j 4j5c_uj 1 mim S^il U tl <>JlAj i^ptlll I3 j.< nil ^jijjVI <UjI_A 

i _ r J_C CjI o 1 Cj^LcLaHJI <?JlA 4£j1j La (Jj^U 4jj^J 

(_3jjo £)| U»" >»■' t l_Aj Ju^aj ^1 CjLl^jJJI ^1 ^LoTu-u V Ij- Lila I j-selJ I 

1 g g J « Mil J-I-ssLulII 1 £)| dt- LV J . ^JJJtlll ^yC. CjLqjU U 

V 4_J I 1 ^ ^jL-ujI (j-C. LjLujjI LgJ j-J-4-5 (jl ' » < ^lll tCjl_4_L^jilj 

4 t jjt^tl (jlj. i<o 'tC, Jp»^ i-iUjL^ tCjL^_ua_tJI (J-oAj U 4 ] i<oV mi Jp* 

1 ^ ^ : 4 flhV o Cjli i3jjpJ,l (^jlILj L^-aJI j k> >j j*^pl-ll jJlajj 

C_3>Ll^l (_ , « ( Mj .(JljjVlj J-d-UsVl L^-LAJ t(_p»LiJ-II £J-jsLj 

(j^JLII (j-« Jjluil tiJJjJj i4_ioilj ^5 C-lII 4p.jJ <_3^Ll».l (jjlll 

^-J tj- 4 ->- V1 (jjJUl Cjli Sjlj-Jv ^jpe-lll Jj9|j .^-5tUI Mil 3jlj^>JI 4p.j.i 
^jljJJI diLi lj_p.|j ^j-sa-uVI (jj-LIt ^<U ij 3 <^>V I QjlII CjIj Aj^fcllt 
C 1 1 ( l iCu_3jJ! £—4 L$_>jJ ^_jJuJ ^JSejJ! 0J-& (JS>*2 (jl Cjlj j JlSJj 
CjIjl^jJI ^jptlll j-lUjj . LgjL& ^1 (j -0 tjj-LaTJI ^JL-u L^jISLa 

Lfclj-J ^ylll t^j-o^-tluil ..^jjscJJLI ^JllLa^-O^ / a »>* Atl (2^4 4_u_uL<_uV I 

. LuLp. CjLcj^o L^-Lq Jl^Iu-uj 

L<_uJ ^D^LlIL) JlJLJ j^yj^-Q-UJ ^t ^U_I_JI l_Al^_l ^^_5 c_lII L^-S 

Cjlj-pll L^-l- L c J J L i aj CjLcj-^pe_d CrAi • »1 <>>3l l 

cjL^jSJI Jilaj jjni% cjljpJLlj jJlH>Z LuojIj 4 Galaxies 

. Constellations 

j\ cjljlj- p . (JiIaj I-^-jLj cjLi^jSLII <>jla ^j-oLlII jlLaj 

jj!JI 

jj) 1 ^ 1 " c.-<-<.tL.>. tjLipJlj 4_a^j^ lLILlA Liajlj t4p.L>.jJlj 

t4 —L^LlLo JJ $ '"" JMiw 4 U-t-oJ 1 d - 9 - n ,s~s 4_l^1^<jj .4_t£^SLII JSLtToJ jJ! 

^<U i(j\jua Lajpo ciJLLA (jl 111 ^_uaU j 

( j-c Jj- 1 j ^Ll»J.I ^j-cj ^4^ (j- 4 L^Joj 

<- mh^ i^LlLa jt t 3 j .-^.11 j| »!"(Mill CjLi£j^ L^jI CjL^^ 


I 12 




»Lu 2 JI Qjo pJLc 


4 1 't C. i-uJI LaJljljJ t^j-u-^a-tTuJLi 4_jjl_SJsLi tSj-jJU-o ^jjseiJI j jj?ej J 

4_uj_ua 4_u_u 4j3 4sl^a lie juljj t Alfa Centaurus q-qjj k LkJ' ^eiJI j-Aj 
-^IjuVI iS 1-cjL^LalU (ju-a£ jkl . (jila (jjjfjjj) {j^Aa (J^ A a 42 

(JlJ <1^> ( MjILa ^J>»J VI g-u-O-rall Laj 4 liJ 

v+uijr+Uj 

jtJuLaj 1^ j_a Laj 4 >JlA lie Jl*_u :^)Ltaj^l (J»l < <m LaJjj 

Ik Laij ^.Jjseij I cl) LtTuJ t—kj^ ^jj : 4 -Lu^jV I ^_>- IjjJJ 5 L^e Ijj t Laj S L^jLjJs 
j-p-VI JlJ-i-aJJ I JlA (jl «$Lajlj 4*n i^i a 5 u4 4 jJljI l^Uf S L^jjL^j < » 

td)j_ 4 -)j jJ jj i4jJljI dt-t-a-J ^jjsciJL^ 1 4e.j_<_uj 4i_)l_>.l ( ^£Lq_j 

1 4-lfu-u V1 ^yle 4 jL>»VI <j5L^j .. Joju Jl 2 >- ^1 4_uje. LfcjJja 

Ju9j *4-oLjkJI ^j_3e_(JI <<-vL 4_i^ L>Oj_4_) JjLLL_u 

/I0 ^1 j->. ^jl tj^LLa yj *Ukjt 

4jL5LjjSj 4j£Ij£ 4_aljJ jj^e-aj ^/tl a t4-UL.iiilj 

. 4_c3 *j-tis £-llj 4 jL£jj*. ^aik-Laj 41 ^LLd ^-t-Laj tfiGLu j_cj 
^jse_JI j-a juu 4 Solar Family 4-L4.u.4-tfaJI V! ^-<.u-u^JI j ♦ II Ijl&j 

4Main Sequence ^ mi jjJl ^-jLTljJI j*jj>u aL<>»k j-aj ^a-^>JI ^ L>, ,.j~ a 

»c—)LutJI 4JL>j_a dJIj La ^jjjeJJI 

^j-a L^jj-<jjt ^Ljj 4l_AjLa^lj nil! q ii a Miflj 

4Xj-^-xll jjJuj 4 Lii^?e_a ^j_a 4 _jL*JJ JjIcIs £>>* -i>^e_a 4 ^jj>.VI 4-ul 

4-Lt-u j^-cLa 250 ijyA aJLal^ 3jj^ ^aijj 3j->JLl ciJJj ^£j_a L^K 4 j mi a Mill 
4—Lt-uJlj 3jjjJ I 4>Jub ^y-a-4-gjj . 4 _uLjJI ^i_a ^ 20 Lu 4ej-<.4ij 4 LujJL) 
4jla jL£ lJjJI 384 j c> 4i.a-4iJI jU^ Cosmic Year 4 _uj5LI1 

^_Llj La^ 4 jisjVI ,,, 4_ukL>- je. 3j_a 28 1 ^ 4_ukl_>J I Jujjj 

.^Le jjjla <_aVT 4 i na^» q »ia Mill j-ae. 
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q u$-uz> ^jL£j 1 4-»_<-uI j cj! 1 3^_l». VI cj! Ij-L«-uJI lLLLJI aLoJLc LLa^. 

q »i a mi It 4 _LjL$JI BJaLLaJI oJJt jjLua_a La : ( jy I<JI CjLc j_tla jJJ 

4jsLLa QuC ^LjjlxId VI C.i-ia- 1 ] 53^lj^«.j laj-tla VI jj*. ^Lgj ^Hilj 

.^J^VI l-x^IjSLII ^yJI jj>.V| «>>♦ ) taLua-UI ^ 1 g «I c ,I _}Jluj 4 gjkr, 

4_jjj_(JI C_jL>»La JljVI Cj^LcLaHJ 4_3&_uj ng Mill BjI^jvj 

3 JlLu t_ «1 1 n \ oj g~ 1 11 a 4 3 i ^1 i _ 7 Hllj t^jjl A ^1 L^Jj^oj 4 -ijLlvjij J-t^JI 

. 1 $ fL>L 3 jIjj>JIj <.M1 

((j-aa-duJl ^jlaL CjIjUlII 4_j5LiaL<j.i £)l ciligJI gLg-lc ' iSj^3 
(j-a 3jlj^>JI 3jjjui» cjljUJL} jl3j (^jJI BjbLJI 4 _jJ_LI jJI ^jJLJI «>> ^1 
I ^ ^ clc-t-L La I5l 43jI jl>JI (j_a 4_1 jLa CjIjLjj I L> « 11 t L^J-LaL 
l^3\ 3jlj^>* J2VI CjIjLlHII L o- L lj ,4^LLa jAjuSiI al <^3ll ^1 Cxj_uajl 

CjIj jJI ^oLt^J 4_Lc. ^j_a (^jJI j_aVl i4ljL& CjLc.j. < <n 4_3lla_La (jug Mill .j-LaL 

£^Jul (Lgjljj Jd*| J Lj^pSJI C-ct-u T t So j| jJLBj (Jl) £jjtlJJ ^pjl 

U I c. t4jjLlil jILa 150 uLa_<_ujJLlI £_Lj CjLcj_<_uj ^j_gj^_a ^j.Lv 

<>> ->tJI I J-A ^£> ^j-Jj-ALLa ^Uaj j! Q^jLs ^V j-uiaitJ ^jl [S^-^ J-^ 

jJl^VI iQ 11 a <^ 1 II c «I 4 ^j-g^Lj 3al Utlt ^^Vl jJu-ail ^jl 

jJLj g 1 a 11 II ^jJlj 1 (4_j^La 4 j>.j^ (j^tia 20 ^I^n.) 4_jjJt_<_u 

6 ^^1 j->- (j <1 a Mill ^111 3jlj^. 4 j>.j^ j_Lu Lg- L u t^ILa ji-x^ l_3J 1 224 Ijjv 

^_u_oj 2 j £jj I Atomic Theory 4 jj jJI 4jjJklll Cxla^.1 Jl 3] . 4j^la 4 jvj_} <_sVT 

4 3j3^JL^ .. 4 ^LLd ^1 3jLU ^LlLsVI C1>-l>- ^j_a 11 a Mill 4 ^LLd jJu-^Jl 

4 al U II I U> r,a ^u-g-iTaJI ^-i-oLLc. ^_j ^<uj 4-JI^ILa 4 jj j ^LaJul lUjLlLoX. I 

La 4 \ mi j ^LaJul L^j clijLSfcj 4_x^ie_ua 4jj5 4Jb^ ng Mill (jt5j . L^la 

jILr, t 1 ^jl^ 4 j^ 4_jj>-jLL 3^_La_u_u ^_a 14_j_Lp»-jjJ^JI 4_L_L3JI CjJl^j 
iJ^L^JI JsaJuiail dJJj 3^_La_u_aJI j 3 jj ^jljJjLj aclaj 4 L^J_a Sal L11 
. Jl>.IjJI i? Mill (j^-t-la jJLu 4_jI 1 ^jlr, ^IjJI 

3jj_uaILa C.<-<-u-J (4_u_u-a_(iuiI 3 al L.I1 ^H_a ^Ull 4 jj)j_l!I 4jjIj»j>JI Cj^Lc.L3H]Ij 
t 4 -Lajlj 3 il Cj^Lj^cIlH ^j-a J-al^ j_jLj Jj t 3 ju>.!j 4 jj^j 4 j 1 of, i _ r lc 


I M 





»Lu2JI Qjo pJLc 


}L^l cjLtTuj (j-o jujutil L^_l£ p^ * »j cj^LcL^j 4JL_uJL_u ^I 

4_j_L^_*_LJ (j\ ^_tlaljj| (j^Qj .4_u_uL_uVI Q^SLII 3jLo { ^LaJul (j-c 

4_i£. L*_ti> VI 4^Hail diij jjkj VI Jjl>. 1 c>$4 UoL 4jj)jJil 4 jjIj_>JI 

^jL^. l 3 _J j j 4_u_uJI ^^H_>. 4^->JI t__ol«i ^.a.^-t-uiI cdJjJj id^Lt^iil 

e^VT ^1 J-U^j JuS 42-ALi) CjLcLajjl ^1 L-ufcJu 4 JjL* CjIj^Lj g.1 4 < nil 

.olj^a ^LSJI 

^56-aiL^ *(j<i 4 Mill (j-® l^L^I (j^jVI 4_L«ISLII cjL^LLail ^JjjI ^t^>»aj 

4jjJJ*-a ^ jluj^-uj cjljaLL VI jialjil ^ La Lkj_t£j JjjJLJIj <_j1 mi-^VIj 

4j mi 4 Mill CjLcLlcu^U 4-uL^^jjj^JI Cj^LcLalltl i(j\ \ < nil L^ocHjI 

.^j^djVI c-*£j^ cr^ 3 Lj>J I ^Ijja-dJLli ( jr ltl 4 3I~ 4JLI 

*»*iJt**Jt 

.>> t,l ^ L , „ tl ■ L , ,.j 4 _L^Ij ^_3j t> CuJlI (j-u-^-tluiI ^L,,, ^lc, jJj^j 
4jmi 4 Mill jJLJ! CxjH LijjJj Sunspots 4j mi 4 M<tl £-3 _lJ1 L^jI .. j_>aV-il j^^l 
»1 4 If 4_<_ulj_} £_uaC^tj-usl JuSj t Lv(j-a^IiiL 41 i/VUl j-Alj-Lil 
4 j^£j-o 4Jiia_L4 ciJL^ : Lt-ualj V^LtTu jLSfcTiJ L^jI . j-uoL>JI cJajil cliLail 
J_LJI 4 1 mi u 4 > in S^Llal 4 4_LLe_4 t Umbra JJail ^ 4 < »n 

4_I_a ^J_al L^jV 11 4 mi tl ^ L /.. LLd J^l 4_u_u_^_tiui I ^_£uJ 1^ « Penumbra 
LdaLoitjl jJ£l \£ j)~ 1 Ma (jr^C- Lfcj^lj-4 jJuJ cill <4 j>.jJ 2000 ^1 3jl^->- 

( jr 3 LaLujj CjJl>o V 4j mi 4 Mill ^JLlJIj ♦ mi tl ^ jr £l_J ^j_4 

^_3_J I (j_4 Cj LLa ^yic. 3^-LlSJ I CJ Lc.J_ 4_>Jl I jTl>Q (j | t CjLc,J_4^5C_4 

(dJaLUl) ^jVI ^ jr 4-4JJJ 4 L 4 I 4 (^rCu jV J-Jj-i-U J-4J 1 Ml n 4^L?CJ>. VI ^-J-4-^ (j-4 

(jO-uVI jil^l 3 jLc 4(j_4i_4-4iiiJ! ^sa^_3i 4_u^Jtil 4^UJI ^Jl 4jaL.t-i.iJI 

4ajLJIj 3 JljLUI 4 t3 % itlj . (4juLJI) ^u-ul l^jlr jlUja 4_uLJI Lei ‘3j^j ISLi^LiJ 

4 1jp-t-ul uLu>. ^jjLw j-3-iil (j _4 (jLjjlI^ILc ^jLlC., j_ 4 ^?e-o js^Lj La LJLcj 

JLe-4 mi3^1 JlIc ^jLjSJu L^jLj ^jjjJl^I lLLLUI g-1 41r. Jl3Iajj t^j^a-tliil 

Mf VI ^Jl Qj).Ll 4 -> 1 - 4 ^ t^j-U- 4 -tnJI ^^-4 ^j_4 JSLtToJI ^ < -jLt /♦ ^ 

J_*_41J 1—MJ—LJ 1_4_JJ L^jIj 44-Lcu-4-tfg]I ^3 ill (J-J-3 Ltfij-U 1 tijULill JUJ.I (jL 


IIS 
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• lj »i4 Mill (jy£ aiSl^ll 4 _Uj_^LI! CjIjLuJI cm < <n l_4Jj jl JL>JLl I JJt 

0J-& CjI jLxJJ JjJui c-jIj U <>»l 

I L^jL^j CjIjLjlII JJljJ 

J’jJlIj Jj i Lblj 4 j MI4 Mill £-d_i]l JJlC (jl LuajT »1 gUlt ^JlSj 

J>U- i(^liVl Oa»JI (jJI t£>3-? Sjal «ti j a J (<U ipuoZi (jJI J* (j-a 

JljJjlI! JL3 3jjjl! u iss aVl JL>J! JLul3 . LjJj_ 33 LaLc. I I Lkjl J-iLa SjLa 

Li^LLsI ^JLi }Lj u ci a miTI Jiaj 4 ls L 4 J (.^aVl jl>J! i^JLJI o - 0 

SjjJlJ 4 jI 3ji£. .Sjijjuus j^uLui! Jjj3 V SjJ, 

pp LS , 3,<l,., Mtl J ; 3 ^3,1-,t l c/tfLulv I 
. L^jLkLjol JjJLso 4j 1 ihULuLU 4Jaaa^all pLd J-aa*3 ( _ 7 all 4 jjj»J!j 

jUf^^LAJfc** 

(^)£LIj 1 Ji jI! 4aa-uj ! Oj JLajs (_)i3jV! (jjj 4-JI jJaLiil q 11 a mi11 !_yojj2 jJljj 
jjj-JLo (j-a jii£l i^^jVI P- O " a l ~ l " ( 0J3t:3 ' (j^ 4 3j3->- pZ 

pa ^5-9 t-lal 3"r>»VI L4I ^ajjb L 111 fl Laa>ij < 1 a <" i t l ^ 3 11 *Opa 

pS 3jLa>J! 3jlja*JI 4 i>.j.J £)C. ^3l_Lll (JjI^JI . U 3 i3itlj I -v. p _1 jjjl_jall 
U, t 4 |3|| p\ jlill ^a />|~ (^,111 3_jjIsL»J1 op (JaL*J La .Ji-ljJI 

-4ajjL>JI VLl3sjIj jJI p\ (jSiLa£LjV! ijja u .1 a Mitl £-Ua La ijJLuli 
di^“c ii a miTI Cjjj 5 e_ 3 jV-jJl^IIJ! (jja ^ u a miTI (Ji-la ^>.0X1 jLiJ! ^_La-i 

■ »1 i>i3ll p 

t 3^a n VaL*j (j ii a Mitl w 3 .3 cfitaatj t L»-a ^j^La-iiJ ^a^^ laa 

Jiljdl p\ ^iLa^Vlj .j-jUJIj J^IjlJI y ^LJI jUJI ^lajLI jru 

-i_a^ 1 tl Cx3j a .i ^ ^ ,1 a mi11 ^yop 4 1 nlja Ju£.j . 4_ujl_>J! (Jjt2j 
aJL& jJLaaj ' t>. 11 1 ^ ^^ 3jJl_a_a t 4j mi a ui 4 < miTI 4_Laa»-^La ^£La-i 

Ci*i mi~~j (j~ J'~ cj-^J *(J^>J-2II ^jLi" aliljILa ^JLSLII i—aVT p\ 4j«JjlLU 4 ? 1 ntVI 

4£.L_oJI P& pus ^j^aLa pa i _Jja23 4jLfcJLa CjLcj-i_uJ^ CjLaL>»jVI P 

.OJj>.\p\ 
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4 V I ^j_4 & i < JlC L^-lI U£" i 4_LJ^£. VlSLC,! Jl^L 4-Lt-gjVl 

<?jl^j 4£^-^-l^3 cjLlV jJVI c><<ijl t^_u_^_<_uJI ^j_4 ^ «1A«.<tl 

(_^ ^.u-4-tIaJl (j_4 jijlj Lj jl_& ^ ^ 1^>J 1 ^ (j I Jl 4 4 _jJ1jlII 4-C.j-t-uJI 

.^Il 4 j-Lt^ cJiil 80 4 £,L^jjI Jsa_<_o^L4 (j^SJj (4 ju^u 4£^j>. 

^ 1 r. 4 _jL>.^L! 4 r ( mIVI ^JlA ^jjS u j :j-Aj (JIJ-<-u LlAj 

Spectro-Heliograph Cr -<-u_4_ t iJI < MjUH jL^. ^UJLslII ^jir~<<>j JIJ^JI IJlA 
. 1 g’ttjjU l_3jjlL!Ij L^jljjSLdj (j-u_*_tftt]l 4 _<_uIjJl 1 ^jLgr~ I tij (^jJ! 
jl! Uj tSpheres cj! U j **- 4 j! cjLS-lU ^l L^sjLcj ^j-u^AII vLJ- < JI 

. <>>Ati cji^iLo j ij*\n ^u^Lq ^ji La^>-T 

j $ hi tc_J_^JLll JlIc j| Jijj-iiJI j;L(j| u <1 4 Mill (J-OJJ 3 ^tVn l_ 4 ju£.j 
^jJl^JLj ^_*_Lj 4jL£j 4 Cj U^iil1 j CjI ^j_4 ^JL>iil ^j-JLaVl ^ ->■ U ,,, Li! 

l_a l_jjJs! ^-u-4-tTuJL3 ij l^> i VI £j 9 1^-11 l<-*-^ (jSJj 

CjLoIjJlII ^1 ^jI Jl tfuV i ti4j j_4 VI ^4 -Lj jLj_4 JjLa < A 

^^>Ji j_jI jjj iA-Lt-u-iIa [ixX I c hi^>\ jjlIIj j-l^LcVIj Spurts CjL^juJIj Swirls 

(jjj-Jj-iij V (J£ (jr 3 M4 Mill ^lij>o L^K 4 Cj IjL5e_oiJ I j 

(J^J^VI AJ^ciJI (j_4 J_u£ JL>JI (jl (Jj J-Al^IaJ! ^jL^J-^JStill ^j-4 LAj_LC 
. 3 jjj JlC/ Ij c 3 tc, I 

:^JL l_4 ^Jl t j.u-4-4Tu.U 4j^SLU a Ab11 CjL3_lL^JI g.L4-UJI p > " 

(Photosphere iw ^11 Ull t) jmM $d $ii 9 

4_J_l^_CjJ I 4_42 _i_L^J I ^ | (j ' "J ^ I) I^-J (^ Jl] I ^)-4i-4-<-4i] I ^-4-<-uJ 

4>Jui> (j-«J • ji-4 jJLj^ 400 ^1 JJ>- 4 3 4^, jJLuj 44J) ^tfuil (^jUJI ^j^>»-!l 

I r. 1 4 ^ I J « .. » (j_jjlllt 44j-l-sa]lj 3jljJ>JI (j-4 J_J^VI 4j->Jl ^iij <OAzl\ 
^J-jJL^JIj (j^J>*JjjL-t^]l (jl 4jSil II CjLjjIjJJI (j-4 .(jldjVl 

Lol 4 4 _jLU 9,9 j I ^ !l ^ li j 3 jjl>-j_U cjIjJJI jjlc jj_4 4 JLLI 90 

4JLlU ( jr 3 J-Cujjj . 4 JLII jl j)_C 3 jLul 4-t-4 T (j?e-4 4 -Ll3TiJ' j-l^I_ul!I 

»^.u.4-ti]| ^_La_4_u ^Ll>o ( _ JT i]l 4 JLjL^]| CjLcIj jJI dij 4 4_l<-u.4-l!ll! I I j_uL(_4j^3I 

^_tC ^4 < n> (j (14 Mill (jL> (Jj-33 4 J_J_l!I 4>JlA (Jj-^I (j^. 4 JjJl>. 4j^Jaj CJLiAj 
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* 4JjLlLa 4_u1jj4 CjLc.j-^uJ / 4 s> \", t L 1 L&jlj^>-I jjJu cdJjJL^ lLLl.u LaTla 
' 4 1 . t-s 7> \ 1 ^£ 4 'iC. i4_ulj!u^VI J^LLII ^£ Lc Lc.jj ^ju-u I jljjjJI 

t <j.<xA-tlJ I f n Lc. CjLaIjJ <jjjSLl <yJI l~^J-<-J 1 <_y^ <JjJJl I Jjfc C—tJ^u3jj 
4^5 e_uj t<jLjjj>JI 4 juj-<-u jL^jVI <yi3 CjLaI jjJI L^j jjSJu <y3j| 4_SjjJail 
4 -Jj t^> U j_lc <j!sLlU > mjjjJJI < o <jl . jLuil <Lcj_<_u <—3}llL>.V 

dil—LJV.) C__<_J-SjJj Ljl_L>. i 4 jlf. (jlLl t^jLLO- J^_LiA 4 J- 4-Lco.aJJ I £_3J I <JjLAJ 
4 jlaV cjU*L^a£ ^ Granulations oL-u^JI o'jjt jJi-uj * (jjVl 

JJal 4 _a_j_uo <jJ^I_La 1 g m <J 4 jILa jLj5" 1500 <_yll 300 <j_c ^ I n jia.3j 

.3aU*I 

£-£UjIl£ i 4JlaT<JJ jLiJI <j^3 (J-A^> CjljLu jjSJj <j.u-A-t-*JI <j^ ^ I 3 ' " ^ lIjLa-lL^J! 
L$J3 J 3~ n 4 jjJ>I_} 4ji at. LtTu-a IJ 14 J 4^5£_ujj i Cr ^-' Lr^l <—I 4 3 tUf I <J}L». 
♦ 1 J i I M ') 4j^VI (^j U l ^^_U_uJLl <^JI 4<j^-<-uVl <J a ( II VI ^J_A 3jljJ>JI 

4 t^> , ,,1 j_j 4 ) j V < <i1 Jiil ijliJI jj-A 3 JlcL^JI 3Jla£:VI VI CjLi_l.l>J 1 LaJ 

(jrj_j 4_»_^ljJlj LLU JaVI jIoLiU La| «^>»qU <i a Mill <- <14 <_^ 4J3LL2JI 
1 ^.* 6 J 1 k t - L< - UJ 3^ cl)*^ 3 jLlc. ^ t<j^-L<ai jLiJI ^j_a SjlcLu^JI 3jla£.VI 

Reversing Layer 4 mSIaII 1 uc 
3Jlc 1 a mi jjl_aL Vj 3^-tiLj-^ jj3 < mjj^jHI jJju ^_pil 4-3-ilaJI 
aLaJLl! 4-la-AI CjIj ^-u-uJJI 11<~> ^lr. tCjljHA ^.LtSLlI CjLIa 
otjjJt ^j-oLusJLaI 4 j I a c. 4_j_S ^ ^jJI JL>Jtl jl 4 3 lUtl L^jV a^lltftl 

'Lj L-v. tiUj £j-C. g-Tt-LJJ t^U-A-tTu-U ^ ’w) <>S 11 L_A_Jai (j_A $.^_>J CjLL Ij 

t4_4Ji^L*JI 4-3->iaJI oJufc 4_<jiljJ ♦ 4ju n?tl L^jJui L^Jj 1 aVI 

4jjLa_^JIj fiLuLjj-tilll CjLajJ-*J.I ^)-A j.LtUI ^.L, L_Sj^jJI (j-A lILLaJI a La-L (^La3 
I ^ ^ I 68 (yJt^ I gv ^j-Tl_>iJ L^jLjj t^. u-a-4uJ L 3j>jj>-jJ,I 

<jj.Jj.SJIJ ^J J mi ILSJIj (Jr-1-^.Jj-LJ-JIJ <j-\-?r > mSjVIj ^j jI ^ 11J <j\J>*JJ Jlj^JI 

(_ «I c. I Jlxjj 4^u^L»JI 4 3 .L>tl <_y^j .<j-aLt-£jJlj JuJl>JIj ju/Lstlllj ^jjJj^aij 
JjJl>. lJLlA Cl i Mjl 4 jI j^jJLj jjJl>JI <j-«J t<j .1A Mill < jr ^ 34JJVjJ.1 j^oLuJI 
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pLmoJI oo pjlc 


a 2 .Utl pi j slJLiII dJLJaJlj .a 2 iUTI oJJt jju Sj_L«-« clLu^Lb 

.fcjUl 


(Chromosphere 4«I$1M UnUY) 
t^.u-4-uu-H tj I i<~\ 1,1 lJs^JlII C-u-u-uJI 

Ijufc L_3 jJUJ t(j il 4 Mill J->J 4jjSHI d 7t . Ltl jljSLj jJI ^JWjjjLl^Jl jLc 

/ I ^ <•* i L i t 4_ll 1”H d i L 1 1 ^ ^ <7 f . A ^ 1 1 ^ » ..1 > i 4\ A ♦ 1 1 


(j_a LaJl^JL<_u_j 4_jJ>jjJ! 4Ju-uaJI iHJj ^j-a 4j4 t «~fl oJJb Cjl±uZ &I Ju9j 
La JlIc. t^j .i 4 Milt I i_3j) . n^tl 4JL>. 4_re_tlslj j Jl_u 


• J-*V S.L4J (^3 a^ iA a JaKI jf 2jjj-a ^ * ^-a-SJI JJaJ 

jJLj^ i_kll 480 Corona A tl jl J-iKV! Ijmi jJl2jj 

^Lj jjl .(j.1 a mi tl 3_aL>. ^jLi. 3-jjL*J! a 2 , U11 djj jj-p iintVI j! 

(jjs (j^SLo i Upper Atmosphere juanill LJLuJI jj-o «.j ^ (jns^itl 

* 4-C.Lt.uJI ^ILa (j^LLa I I ^JlL^Hc.j_t_u £_1 jj 4_£1_JlL> CjL jjjIlSLII 

(j^Jj 4_cfc_^j .14 Mill 4 (j^l i4j-iL*JI cjVL>JI ^ (j ■< 4 M»tl 


^ 0 .^r.M ^KH . Aj.Xtl *LSf 




4j JlAL.u.4 


CjIjJ £)l_J t^LLSJL 4jt Ml 11 IJlA clllaJI 41 4 I c. (JS>* } J. I ||<7JJ 

^4-J t LLSJ_4 4_J dJ_uu_4JJ J.I4 Ml tl 4J - U3 <j_4 0 ^ 4 <71*> Li. I j_t^l_L*JI 

*^_L4_4 £)jj (JSLuuJ J-L^ Ijl^j Lo Jl-Lc. 5jli .(^^3-1 2 j-4 4-oJlLj 

L^_3^LLJ 1 g t^>l i «o**< 41 4_jj^_LaJI t?^-u^tUI 4^LL cilli 

J_jJUo t <*\ j L 11 d L , ,,lj < / 1 . ss” a 1 ^Ull 3jjJ! j_jLIo L^LLcj t4_ulj 

^LLtlaj-| 4j-t-ui-dJJLflJ I 4L4 JL. .4JjLIl 4 (jtjJl 4j-tls 

i_LjL%lI CLcjL^ t4 i .ii (j\ ... 4 L. ^J_4 ^ i»4 t4_p-l_Lll ^J_A 

(jylc. l-kjj -*-4 J-J-C J-J Jl^- j. l^t'l C, (jr JJ ^>3 .1 4 Mit l 41I 

(JrjJjLjl ^JLJJ) . <1 II ^JLjlJI *L>* (j-^-Jj t ^4-<Jjl 4_tlc jlLl ^jVl 

JljJlj>JI j-i^a-Lc, i^ya 4_jjLc. dilji i a Ij-JaiJ I 2jU. Atl ^jl (j^jd 

ju JA.1 j 3l_jj ,jj8 SjLc. (j_5^2j jujlsJI (jjjLh . I4JL0 
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pl^gjudl i—jgiLjJIg Q9SJI 


< IcaL^pSLlVI aixjt 26 Lajjlc ^JLj otij^VI ^ja 

.aiSl^JI CjUjj^ 

(ZjJlsz-j Lq I j-A>j i LjjjUSLIi 13 (j »i g mi tl (J-j-L^j (jr ^ jljJl>JI 3ji j 33~j 
CjLj^Ii^LMl 0 JlAj iCjLxjjJI ^a ^fU^La 3 JlC. ^1 3jI^>J! 4j>.j_} ^JujU Laj_Lc. 
«L>.j^ u \ c. L-LIjlj t4_jj_3 4 _jj_j_}Ij CjljLiJ JuJl>JI 3ji {ja <icjILLtl 

JJSJ <> 2 ULL 4 JI 3j!j^J! 

cj!jL?c_3JjVI cJJLj <-1 1 mi 1 tj, j3 < I 3 jIjj>. 

J_3-Jj_J 4 l ^LjL>. ^- U fc JV > n JJj-3JI ot «4 _iL>.IjlII Cjl rtjUtl CjjL>«J ^1 

c_j ^5L<-u-1Tlj ,,, \j t 4_5t^^UI 3jlj^>JL 4JL_5t-c 3~^\l ^r_ ^^JlC. JiJjJt 4_j_JI 

(j-a ^JLa ^-L-<-t) CjI j (jj-Aj j_uL_ujjj_3JI 4_3_lL £)l ^ 

3^\l gL<-Lo^jjjjLufe 4 -Ll.Is jl_^c_iul£' jJljj I4I4 cJ^5 * 4^1^-j-JI _j^l_j-ll L>LkJI 

Mi<a Mill £_-uI_LlII aJJbj . jILa 800 ^1 jjv. Lfcj-La^ 4 jl3j (jr Li oSjaa 

♦ ^xig-CJI jjKVIj A , mj tl 3 j|jj>. 4j>.jJ £ja 
!^£i LjJ .1 jLiJI qA J-U-U JlIjj Ij Jih ( MjdO^SJI J-l£- L^3jj-L j-CiJ 

tfiLcl^Jul 4 ^jj». jLlJI I JJt j3Gj .CaljJLa jJLSLII ciaVT q «g Mill j->* 

4 3 i L ^_^JI jij-*-j ^-3 iJ-jl^Vl (jj-l! (jr-‘-^ e —4 j iih ULjm ^^Jl 
COtAJ o^- 4J^-x-oJ ^A^lJLl jLiJI I -LA 4jJu I 3ju0 J-LO-UJ J-3JI 

£ JlA A (j! JL>-J J^j 114 Mill 4 ^Lv {j-A jJjLU (CjLjIuJI) jLLI i jA 4^lj-J 

♦ 4-L<-u.4-tTuJI j_3_JI ^Jo.] 4_bl>. ^JLc, IJlu CjLjIiil 

3jlj_>. 4 3U?a ijr Jt LLJj 1 4-3-go Lc 4 3U?a Ci • njt 4j mi 4 Mill 4_*JLJIj 

L^j tU j **-J 1 <; r. u)LJu)L-iu JL?C_« L^jjju 4 j^I_A 4 l_Ajlj_>» ,ja 

4 • • ... a-2 ♦ 3 , tl L>JI ^^yJI ^_JJl_lj .1 ^ Mill J^»lj 4^LLaJlj 

L^jI jl>JI ^Jl Ll_p-l 4_3_j_Lc oljUtij^l oJJt ^jJsj . 4_LL^JI cjIjL^AjVI 
4Jb^ ^Jl ^^jUJI <>>311 ^Jl 4 j_l1lu jj J-3JI (j-^a ?,^jfcj l^Jl3j 

. LJSJJb Mj C—t^l^SLII ^-Lt-oJ Oi.1 jLiJI 
43JjJlCi 4j-^j <af. CjI£j_>. 4>Jij-<-uj ^LLaj ^jil 3 jLlC j-A j,j3 < n (jl 
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fLuaJI qjo pJlc 


CjI g j mi dlj CjUj 1 <>»jl Lgjl J Jl ojS (jiiQ <"ill 4 ^Ud JSII5 V aJ^Lit^ 
-j ' “3 A 33^ ^^3 * 1 (j-a (3 -LL^-o ^hJ I 4-L<-u-^-tTuJI I jj_a 1 ^ < ^nJ 1 

tSolarFlare ^m-gJaJI ^j>.L 2JI jt ^_AjJl 4d jJjj ^jJI (jlSLtl j_a Liajl 
jjlC. (^J1-3L_3eJS dJj jj)*\ j La L^jj j_334_jJLe_a a 3L> < a 

^ Umi j)_a 4 jU,1 Juxlj jj-a mit. j_Lu 3j-u£ 4_>*L_u_a ^Uin Jl3j . 4j.}Lc 
4_a3(jl j-A ^.LUl glAjjVl 1 jl^J ^>.jJL1 (J-cJjuJlj«ai£ (j »ig Mill 

'. 4j_jL*J1 


4ju j-ljj CjLu^v <i 4 <"ill <—3 Jl3j La t^nio Mill j_&j_ll CjjJl>* JlIcj 

0 jJb (j_a <«oj La Mill j)_aj t^Lt-tjjVl 3juljILa CjLkL>u1 4^^_>J1 

JlI^Zlj ^1 ■ Ls 3a 3 j-j_iSL1 1 CjL*-4>jIJ1j . VI 4-o»L aJilLaJj,! Cj L^_u_u_>J I 

j_a JiwljJu 4jjj^_tIiJ,l CjI gj Midi j_a t_ <**- < ,ij t C jLj 1 <j_a i h is> 1 L^_La 

aU^Lll j!jj ^JLr. Sjj-kL JSd3 La£ ^jVl <>l 2lS1^>U1 cjVL^jVI 
4_t_t-u_a_t!u_11 4_3kia 3jl_c. Cjl^e^pil ^-luTujj .^jjjcJJI <j_a <_jj_3JL 

CjjJil>J j_l^I 4_ua^3 dLufc j^SLj tSjLOJL^ 4 j > njUllLa CjVLse-cj a 

Jl (j-a (jLsjla-Jl dl j Lt-tislj jJllj (^jJl j-aVl t^LLaJl j_a 4ijLk 

. ^.1 «>>Atl L$j <_3Jl3j ^P-Jl 


U 14d U f 4d 

^jyi] a^j <>.11 a .Utl A , ,.T ^j-a t^-a-g-caJl 3jLa (jl Li^-cla^t JloJ 

CjI rtjUtl jLiJl (jl j-^1 jJ 1J . <—ij U />ia ^LlA aJLv .ia Mill (jlsLj (_^ 

(j_^_a_j LaJlJ_cj ' 0 J ^ *^H) a"i i ,>>11 a 3 .UT1 ^Jl (J^jJLju ^^jiJl 

L^LcujI J-t-saj CjLoj^j ((^^Jju)) jLiJlj .3j_CiLj_a ^j-u-a-tlJl Jlusj-j dli 4 jjj 

Cj Jl_>o 4-£j^-TlI' CjIjLLJI ^ Jufc j Lj (Jj_3j 4jjdJj dlail a 1 air, ^Jl3j 

(jjdl CjljLc (jr JLd ^^1 L^jfcdol aLol (_^J t«cLuj_u3)) CjL>.j_oj 

cJLt-oj La Ijl^ / 1 3 <r jljjj 4_jjjj-£aJl CjL>-J- alll Jjljjcj Iju^j * L^j ^ tU .-V^ 
^_<_uLi <_ hj-jLJ (JjJ\ <_3_L*J1 JljJlCj ^j_Lil ciJUj JlI^j t^-t-tj-g-tTui 1 (^Jji^Vl ^J1 
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pl^gjwJI I9 Q9SJI 


4jj_laj jL-^jI ^Ij CjL>-j_U 0 Jl&j tQJ jJau^VI diL>.j_a) 

Mill JjKyi 3jlj->. 4 jv.j_} ^Ljjj! l<ii »n j A-a »^tl 
^yJLc ^Ljl£ d^jjvjJ.1 cjI£j»j>JI (jl *.^^1 jlSJJI o'jjl j]\ 

djLcLfljj! L:r \^ ^l) jn^ Mill j_>» 1 jj 4 ^13 < till 4_3 _lLsJ1 4>jla j1*j <_pJI cjLlLojjVI 
(^jJI ^j-LlI (j_a £-31 jJI Ci i m j t 4 (^_uL_u^jI j-J-a j 4 ^ Lr ^' (j-^- 
£j_) (j_a 4_aLc A a is* \ jLat^ <^1! 1 4jj_IaJjl 4 _j 

4^j| <j_a <- • 1 mj!j 4 1 $ Mitf 1 SjULI (j-c <L>ol_Lll 


(j-4-u-Jl 3 j_jju-o <14 Mitl LjJlIc. i£\ i^jLuj (jujta 4 _jujI jl 4jjlj jiia 

j-Jul& I ij.il4.ui] I Cxjl^ (4 -u-u (j-ujLs 4 -<-u-^jv ^Jl(jVI 1 ^ o <r jJLu) 4 Lu-4 -4 jJ 

.^_u^L>iJI cJsjJ! ( jr j <LlIc. Lx_4 

Jij-fl ♦ ut V ( j J ^ ( "N (_ T ^UI ^ j^jju jJa 4 ^ < )IdjV| ju Vj 

ijsj l__ 4 _uI 3 * (jVI 4 _J j&jjl T(J l_ 4_4 jL«a<l j Jl 3 j 4 LaLv 4 _*_tiu 1 ^ ^ ^ m 

(J^~ a (jl 4(j <14 <*?»!! 4 4 3 JoLJuj (jl Cilj L^ Vl 4 >jla 


^ , ,,jUl /♦ t,I JUc^jJU C_oL>JI JuJI t ' 1L ,"\j a fiUtj jyajJI £—4 

L^pa 4 L^-j1 1 mi ^Lj| Cxjl^ LJia 4 j^ juu (j(i 4 mi 11 (jl »(j»i 4 Milt 

Cjj_<iIL_uI lLsLcIuJLj 4JLji_a 3Ll>- C-t£^J (jl .t«t j/i'iiMa 4 _lsLj 


.44^ 

(j-o asm (jy^> 4 -ul4Sl ^1 4 L^jLp* 4 j^ ^ (j_u-^_4lJI 4 jJl 3^ La jJl3jj 

4 JL 4 SLII j^jlj ^)_u-4-3uJ I d<-n-i.i^ 4 Cj jLlLaliJI «L^_uj I (j~ 1"^ 

lj_u^ (J^I a^Lls^M 4 >JlA (j^-Jj 4 ajjjc_lII (jr\j La jW^ (j^ 3 3 «<-^3tl La 

(juvjjJu^jl jj 4 jb (j^Aa 650 (j£. Juj-J V La ^LLjJ (^ jlj, a" t »VI C^clU" r »l 
I SjluaJ 3alL!l ^T(_u (JIaj (jl- j-l^L>JI Ca^jJI (_yj (Jjloj La^-4_uLJI (_yj 
(^Jl (Jj^Hj L^Juuj 4 (4-L<-u (j^jJLa eJ&VT 4_<-u_a^» ^l) 4-Lt-u (j\j jL 5 j-5c-J L^J 

4^LLd .^^LaJI J <^3ll (j_a i m La^ 4 (^ja-ul j-a^*l 3^ ^ Cw 

(J_jj_>o JjL>. 44 _jjI^-^JI Cj jLc.LaItilj lJ&jju La (jj^_L (j£. ^^u-a-tlJI 


«- <14 (_^ (Jj^eHll ciU3 Lgj ^alu (_^Ji 4_3 jj-LJ^ lJ&jjuj «^j)ji A jl\ (ji^>.jjJ li^JI 
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fLuaJI qjo pJlc 


.Proton-Proton 4 JL_uL_uj 4 L> ^AI1 

^yc. (J-j' 1 <i L^j 1 4_oj^_Ls L^i ijJLafcj 

(jl O-o. (J^-lLg 20 3jlj^>J! <L>.j^ C JlL> tjj 

i4^WjJ ^j^jjLa I 5 J->* 3jlj^Jl 

CjjJl>. ( htf (j£Jj t. Lc^_ufuj 4_L4_Al £)I CjMcUj 

jlj V ^ t -^ - I ^J^U! I jjt 

(j_a ^.i $ mi 11 l-JLs ( J? _3 3JljL_uJ1 4_ujJlII (j\ t^j-xj <jl 1 jj4 4jIjlJI 

((j^- iL a (j^_iLc) JajlxIdj t«L>.jJ q^Aa 15 jJLj 3 j!jl>. 4^>.j.} 

jjj-aj 3j I Jufe (_]£" i 4 j~ < < o 2j54 = 4_t^s^_J1) 4 _juj_ 1I j_Jl l>^ 
.JUajJM ejjb J!la LoLfc5t {j-a <_jj^3j ^j! l£g.lU" i nI q dji^ . 

* U 3*4 Jj c-. u gp (^1 ^ 3 > j £)l V 4 L^j^JaJI 0 Jl& J!l« (_ r b 

j)_43 (j-U-jJj . L^jUjjJlSLJI (j_C 4 1 J.O 4? < 43 4_jjjj CjLjjj^jj 43jL>. CjLjjjJ15LII 

(_^J! Ijufc Vlj 4 CjjJl^JI 4_ju^_<_4j 4jjij_L!I Cj^LcLoHJI ^jl 
a.I. i U> «>»%I j A L^JL^ l 3~tl ^4 ^jl . ^ 1 »>s Atl ^ a ^ .~.!1 U>~ 

Lcj 3 _L^ 3j 5 3t^j ( j-c 3 jLlc jJaljJI ^ J£j .<jrujjj^j 

OjlP^l = 2j5) L^jj^&jt L4I43 

^ujjj^ail 3 I .oMclij 3 jl£. cjjl>J ^jla JiLc ^LstUlLj 

4 Deuterium I ^1 ^_tlaJil 3l jj (jlj jSLj bus 

(ji ^ mi^v ^lUjj 4 'i*x- Mitlj 4 £j_>JI 4^LU (^AjL^ (j^j 1 mi n 4^1 Jilau^VI I JigJ ( JT -uL>- 

.Positron Neutrino : L^jjj-j-T 

jiiijj 4 4_L^t-cu j| 4±£ 4 J (_^_4i_jJ ^-u-asy jJb jJjjJ ^_uil^ 

4_?e_u_t^-4jLxfuj J4(3^ils^t (jj^ (jr^ 2jLo 4 jI J-cLaHJI 
jIjlcI lL 11 _LAj - g-1 »>* 3 tl ^JJ (j .14 Mill 4Jb^ I^jTls&x ji>j 4jL£-(j\jjjj)j-jJl 
(j_4J ^jL_L5" 1 Ml MJ 4jlji <3~ ( <|L> vLtJ^jJ' ^Lvj! 4_JJj>0 Cjljjj^jj_tlll (j_43 4ijLk 

(_p2>jV! (J^Lv- ^_<3_5 CjI jjjj5^_llll 4 >JlA (j_43 4^JJSE_(JI Cjl_jlit_43 

3jLo ^yc. 3jLj£. 4 Li^-c L^ t j-4^ J -4 -2“^^ ^^-5^ ^ 

4_L5t_<ai 4 -lIc. > ii-V. 44>ljjL^C . 3 jl_43 (J^lj 3 ^ J I 3jl 1^1 43 

j^->o Jjuj . 4_t^_4o< (J_^cj 4_t5L!^ ^jj)jj(5Lil ^j^pjj^jil L«l 4 4_lJ 1_4_ij 

CjLjjjUSJ^Lj LUL^t-a 4_uiiij Jl5cj 4jL^ 4(j\jjjj^-jJ! 
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VLj a. t t-s \ 4_lj 1A]I s.y>- t4_JL<_uJI 4_L^e_tTui' CjIj 4_ijL*JI 
L^l .4J3LLJI ^j_4 Ji A J ^ ^ 6 '^ cixjljJjj Lft-4 
-(J j 3~ tl Jl_j_^JI ^\) 3l jj Juu-L ai]I <Lulil1 

CjIJ ^-j-l^l£ (^->*1 lujJjjjU ^.jjyujjJI 31 Ijj -^> r, 3~ CUjl>- i^jl jj £_ciaJ ^u3-3 

JjLjlH-a (jjj-jj_j_j ^^1 cjLj o'jjt J^i t L*_c cjLjjjjjj cj^Ij 

CjLcI ♦ M(VI J 4l-LaL>. 4 _juI»I I JJt ^ JuJiAJ! j-jjuJI 

JjjJll ju^>«j I Juk 4ut_uj (jLLs Lkya£lj 4_>.j_c Jjia 4_u_u_^IJJ l^ j^^SLII 
. 4_j_<_u_4_tiiJ I ^LkJI i j r a> 

^jj_Lll ^l) J£.L3 j 4UmiIjj 4_uIj 

<y Cy 0*4* 57 Ji^ ‘Gibb-^l 

i4l~ < \tl (jjs jjJa (j-U^Lo 5 |_£jLtuJ La JlS^ £-a ,jjs jjla 653 (Jl 

CjUL« juz j hykaj ^j_u^_tIoJI 4Jb^ (jl_3 * I Jufc . 4j <<14 <■» 4^Ud 

(j-a L$-j3 La J£ L; y^ iJj-LaJI (j-4 

3j_j_3JI j 3~ (it a ^u?e_£ Jiiaj <_3j_<_u <j na Mill £)l J-lL^JLj (jr l3U V I JlAj 
4jL$JJI Cj j_4u ijr L - > ' ( —4JlC L^j iTuTu-u <Jj t^yajJI ^ya 4_LyLaJl 

4_uj_us CjIujj^ JSLJu <ia mi 11 <- <\4 ijr 3 4u>ol_JI ^LsLLaJI JlxGj . JuaL>. ^ya_u! 
JI (jyj |-^_t-Li.L.y 4_u^Zua_s jJU! ^LLaJjl I Jufc ^Jy>. JlJJ / 3^1 U.I1 4jLdJya 

l^-ualLal 4^LLaJI (j-Q , ( |->JI Vtj 4_ullt]| ^j-c yy>* CJLlP^l 

4_t^LuaILol L^_4 4^3LLs *^5^1 jl 

^j_4 4^ j mi ->J 1 ^j-4 4 jL»_uI Juu ^j «-^11 4^ymJ QyjGil ^^JLLaJj 

^3 jj>-T 1 ny <Xju2ua u Lc qLcj < (i4 11^ Jutlu V 4ul^ 4 JjL^JI 0 Jufc 

4_3jyLaJI 4 ?Jl^jj >t ji(ii L^_4 4 ^LLs ^JSLju ^.G. 4 _jjIj Cl«.t-i-u 

iCjlj-ll oluj_Jjyj ^_tlu oj liUjuj > n*v {jjs 

t(j-u-^-tTa]I ^_La_<_u ^Jj 4 jlAXI 4 3 . t-stl j_lC, Q^jyai! <-^j ciJJj ^Lul 
Lilystlu V QyJ-3JI jjl 4 jO Atl CjLL_u_>JI (j_4 Jl3]j ♦ I Jj>- ^lau 4 _aJl3j 

^ j mi y 4 m <?j L^ l> ' t ^- ( -^p- Lt - IJ -^^ (j-4 (JJI £j-A fju. ^y 3 1t nyll I 

V l^ulfl 4 _j_jI j mi» tl CjIujjj^JI 4^y>J 4 4ut_ujj . 4^^LLsl Jluuj ^y>»T 

ijr IL>- CjLaL>uVI ^- y aj v j. Al m Jj t(j Mill ^U«<i 4>L>uLj JGTuj 
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fLuaJI qjo pJlc 


. 3j_a Jjj (jl 

d £jU>tl £jjQ 1 (J «l 4 Mltl < j\^ 3jljL». (jV IjJaJ 

(jjSuj i L^H^LLd j isf) £jL>J! ^1 4 3itViI,l oLjjjjuJI t£j_ual! 4» Mill 
43,Ml ^1 c-JLa ^ I Juju Jftliall JLS^I 4_JLuwVl ^uHl! 

J Tl^ u 4_cjl_3l ^jIdjjlu ng Mill i a ^J! 4^LLaJI t_j^ > <mj > 4 » Mill 

g.LJ.»JI jjua Ju9j tCjljjj^ 4uufe (jjAc- jl>-T ^1 |Ulu> ^ L^1-33j 1 
^SLI 4-Li-u (jjuJLa ^Jlju*. I^jOjJj .4- lU .IjJI 4_3uLaJI 4^uIol_Lll 4^LLaJI £)! 
(jlsjVI \ c. t U <7 i tij ^jJl (jug Mill g. j-ud cilljJ . jm 3 i mjjjuJI ^1 J-uaj 

^IjuJt ^jLtauV! Uju. ^.u.^JoJI Ucls {j-A Lu.i.) L 4 JJ d<-^jJI 

j'j-u ~ < nlj 4_al » U jL?cjI Vj 4J V 4_^>.j cr^ 3^ 

?y»*Jt *£*<)£ 

4uaeu lL) t^j-u-g-JuJ 1 I_^jjJl>. i_lULi]I g. 1 ^ 1 r. CjI^ujuJI La 

« S^-L lv jj Ju^J I (-d^i t »^U 

J-qHj-llA uLsJ)-U k ^Jl jJ_C JkJ V t\l ^"r , ,. V | uJJ j £)| ^JjVl ^lA^U ^JUJ Ju9 
CjjuisJlj 3jjjuJI t*m I r mi 4 Ml J-J ju^ 41 ^ j*4 asilall ^Lul 

1 m 11 4 mi (jlj *£)j£u I JlA (jl Cm nl ciliuJI »1 gif. CjLstjl Lr 

4jjIjj>J1 4jjj_lJ1 CjV^auII CjLc^_4_u q\ till j .^£-31jJI JuIjuj 

uk3 Jj 4 Ju^JI j_Aj) utufti J^Lalll j-ua_UJI jIjlLo lJiSjIu ^ 
4_jI ^1_IL« 1 <i^>pa ! C <i\t »n 3 j!j->JI 4j>.jJ tiJJj^ 

oLa t3jlj^>JI 4^>.jJ 4 -l1£U' 4_l^ (^yaG-LlI ^c.j 

um jjjjdiJI ^JLUJ 4jil^T 3 Jl<TuJ ((J^I^Tuu)) 4 -lSLiJI 4_l3_lII 

fj II « Ml 11 (jj3l .£^>.1 !^C. UjJL^- 4 ^ MI4 Mitl «(jj-3JI)) jJ lx_4 

(JjSuj ^jJI) 4^ljLdVl ^J-^1 diljLiJI 3jJ^ 4 J^,„tl 

^^LualLal ^-Lc. 3jJ l 3 jj£I ((j\^.jjJu^JI ^LaJuV 4 j?c_uj jm 4 Mill (j-IaLi 
(J^-Lalll {jA 4 3\U m 41LLJI tillJuj .. ^ylusVI Ju^II ^LjuIV! 

. < “ J^e-J L^ajjId I CjLj^jlud 

^ j) ^ m i L^K 4^^_jJLi) ^]| (Jj^tlu ^jj| jlj_3_c jlj L^Kj 
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^ 3 a! UU till j c-ujluj .1 a Mill ^j-LLu 4 _Lzlj_>i_II 4"\i 3 * U t \ 

j-LIjI Jj-*-a Cr^ C^l l£A£ L*- 4 ciL^J-l' 

ijbjjVI Jl^T ^LuiVI o? 2LSJU1I oLL^J! o^j .aaibll 

a 1 Tm 4jIj . liLaJil (jy^£- O ^-JJ v J6ii.Lcujj LaJ lIc. 3^_a l_ 3J| Juj_u_u 4 _j1j 

4 1 mi n jug Mitl ^ L°> (—3_uaj 114 Mill ( jr ^ 3jijJ,l Jlj^JI 4_ua£ 

.^jjJlJLj ( _^2^Ll1]I lJ7 ^ i_dJ3 JlJU Jl>-Lj 3j_l-£ 
<L>oLlJI tSjLJjuiJI 3_}Jj-l]1 L.IMI) (jlajVl ^yic 3LpJl u n £)? ^j-A ^fjUJ 
»1 < 3 tl LgJ jJuLa <_p3jVI < jy lc 3LpJl (jI Jlj>«j t4j 1 n a Mill 4^LLaJI 1 ^j-c 

^L L-V £)— 1 ~~‘ ^ ' 1—AJl_L£. (I A Ml 11 LajJj-u-u 44_L L 4 ] 1 3j 1^_>J I L M I II < 

4_jLa ^-IL a JI I £ j-a (JiJj»_aj ^-t,u.4-tTuJI ^Lt-cu^ 1 3_jLj_S . Lkjj)L 1 

lM L^l D^J^' £*J lP! L«P^ 4 *>* 

^^ 1^1 n VI J-gToJJ <j_a £)lj tCjl Lj >JJj jbtJI i _ r JjLl3 4 aU»I (jLif. <L>.j.i 
« 4-uJajVI 3j-jt3i] 4 j^£LU 4-uJL<aJt jj ~y~ ,^.\I 
0J-A J!la ^Ja- 1-0 ^>. jj_<-^Iu ^jl c_i_*_uaJI ^j-Aj 

^jJI-Cx^jJI I Jufc ^ ^J-3j (jl J-aIL>JJ c j_a (jlj t<-^_^JaJI 

CjJ_tJJ ^L3_J I j 3*v- £)1 £La 1 ^J|-^-L«.g]| J-ilL- 4_Luj l_LLu ^J »3j 

. L^ ^j! ^jLjij^LI cii-cv 4^1fiLaj^Ld (j^j (j-LL 

3LpJI j 1 ^-<Cl4-uV jLsej] 4(jlSLcVI ^■ jIaJI ^ Jl3j jJajscj Ju9j 

cjIj-jJuJ! LJL t_i-L»j Vt ^.t-uj .3 jIjj>JI cjLvj^ ^L3jjVI I jjt 
. ^lL-lH 3_jLc q^SLu-u 4^-<-u-^-tTuJ 1 I ^JLc. ^L" , ,■ ^nj| 

^1 4^-4-4L^-4^JI lLLTu-lII SjLj £j\ l_J L_U_>lJ L (jl 

4- LJV JL>. ^1 StJsaaJ I l M 3jlj^- 

JlJV Ij 4__3^4U La ^ I ^-u-A-«-4iJ 1 Julaj 41 " - > -X ^ 1 1 Jl£ L^U^Lj 

3jlj^ La^ .(^tl>.jjJl_i4]I <j-a 4jjHj>o La_a 4jU,I 

^j-I t(j-4i-A-tiuJ! 4jjj-l1I CjLJLajlII .3j>jJljla Cjb-jJ £jjQ 

jLLLj j)j ) K~ ((I J_j 4 L^J c j-jJ -»Tl i - u . a Lt £ <L^LLa 4jjI^ J^-J/ ^Lj 

. 3jH3j L^cj 4^j^jlaj 4_a^jILa 

^1 l-^j 3 n 4^f\j>.^j J_j_A ^j_A Lgj La ^pj-A-tHiil < n ) La 

4jjL4-ai,l I JlA ^j_U_A-4HjJI Jl33j (j' 44jJjjJI 41LLL! jjLt-a-A £ jj & jJU-a-A 
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JljJjj Jjju L^jL^ *< • (j -a ^JlC. L^jjI^_». \ Ji-isej (^JlII 

cH->* 1-^iJ l^dSD o^-4-t T uJl g-La-uiVI J^OJ 4 ( j ^l < Ttt l jjjJo C^- SjIjaJI 

J_>-1 4 <<-"! 4 £jl_A Cj-jL£ . ^2_J_J 1 CjJ_4-» ^3 L^HjL^J ^j_ 4 (j h 4 Mill c_Jj-Sj 

Jj&ii!J . Loll ^jJJtill I t(j-ti.4-iuJl * . 3j 3 t1J ^jj?e_Lll 

4I 3^-^-' (jr^ ‘ I JtAJ j^Vl 4 <,o4 4_j^l_Lc ^\ <jVl 

^JUlILj 4jJ|jJI C.t_U>. 44 I 4 < till 4-^jl mi~ 4 J J_U L-t^l^-Jl (j! 

J_>- j_4Vl_^ (^jJS C-JJ^ Mlh J}L>* (j-* l^j, L«1 0-ij4>J.I 

^jJ LljI £j^>* 'Jj > -"> 3~ t! £j_4 4 ^ Mil <_*£!^£LII t^J-U-U LuV 4LJllL5e_4 

4J-U ^ »1 4 l M tt 4*H <^l C 1 U 3 1 ^1~(J H 4 Mltl JUU-LuJI <_Jjj9 I 

.U 45 SJI o^-j Jj^-ill £>£■ LaIjl^J 

t4jjl < im 4 Ju-oljJLI J Jl_u L^_4Lsej>.| (jVj t^^se-tJI Juuj c-t^lj£LII <_J^Ji] IjJaJ 
(j-u 4 _u_4jL_4jVI cr^” 

1—4—133 ' ^■ 1 '>» j ■ f 1 ^IjJsVl 4_3 _jLL> 4 1 m~ < »L>) 3 jiLc. .^_^>JI - 

£)l ciLJj JLlL4J L_x£j-^L!! ^-5CJ>. j-^l (^jL 3JI J *<^rttl iXh r 0 

lc. ^ L-3J 1 138 k A-^J. ~ ,".. t 1 C-U^J-£-4 J ( ti 4 Ml11 4^.J-4^>JLl <— J-&\ 

.jIj* ji-j^ (_3JI 384 j q^-l 1-4 ^-Ltj-tlo << 1 jILg ^>«j 11 4 Miti _j (jl uy>- 

* u tj^3-t^L4 ( _^UjLjl ^StUI • 4_ul jJI 34L3 d^I - 

4_j_Lc>.JjJlj^JI 4_jjvI_ 4 jJiVI Cj^Lc-Lalil 4j?t_u_t^ i 

^4 mi^t 4 uu^SUI Lcl 141 miU 43^LLd 1 ^ <r. jJjIuj 4JL>.I^ CjJl>3 4jjj_lII 
^-Lc (4 jjj_j j| 4jjIjl>*) ^1 ^j-4 Cj^LcLcj tiJllA C« < <m1*4 ' < ^Tul^ 

q-a 4 (^1 jl <1 4 Mill 411 ^»j 4_jV dJJjL^ llj <>> 4 oLutj llijj 4 4-a-U > » 
1 J Liusjl ^jl 4 La La j I (j£. L.4. U U Vl « ^lxuA jJul^jA 

4_Cj_4->Jll C-x^I^ j-4 jJwT (^1 ^Lii Cr-^ L)-^ J-4-3JI 1 n (jj4 

^I3i! 4_^jjJI J-J-4^ L^_JjJ 4J-4-3JI JJl_U 1_4^ jJLp 44 J Ml 4 Miti 

~^-U-4-<-4iJ 1 JlJU- LuJI f<VJ>Q I x»j (>a (j^jVl (jJI lit L«? .(j^LiJLi 

Jj 1 1 j_il LiiljJi (j-La ijj^a 4_JL>JI 3_i£LLil! j-JaLm jl»jI ^jlxisj jlk ><1 \ 
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(JjJ Qj 1 1 l_3^/ I t £' 1 1 ^ £yA 3 J 1 * 1 ^ ^ •~' ' 1 ^ > .i n \ j n<i I III 1 Jj y i , ii 

^£1j£JI U? .4151^1 1(3-1-,< ^^LJl jULcul j . ^U^Jl Js 4lJ J£ 

(j? <- ■ j -fc -i jJL^aJI (j-A L$iL& (jV L^>La? Jjjj (^pJI jLjiVlj 

t^jJI i(_£j|_9_L!l (J ' A* 11 ^LLiV j-i£. ' 3 ‘k'j. 1 ( _ r 3 , U j ,><11 

<U -W (Jr £ ^>1J U 4_t£. j_iju La jjfcj iL^JjGj diljjJI ^L^eHll (_yj| (_£.ijj 

(j 'j i « 11 Jjj^elll oLWi 4_ki fj jJI j ,Head-On Collision p j 3",, „ a 

‘(fj^ o- 1 ! Ji^ J^ 1 ‘J^-l er 1 ! 0-° tit) 

^ajjstill ->Lju!j . ^llLo (jug Mill CjjLStJ 

L^j^SLj (jl LjJij! I5J L3_i 3_} Luij £jjQ Ju V 4_u-b_3 

-(J (I 3 Mill Jl*J-l_La ^>«J (JtH3 LlLu aiUl^ . f.^uj]\ 4JLl3_} 

C_<-51 JlJLjI 1—L-t-LJ 4-3Lioi. 1 ^j-O JlJjJ / L> / 3 . I ^_?e_(J| J-&J 

( J}1\ CjLojU 1,1 . 3j-c i—SVT 4thn (jj^Ij) 4 j mi g mi! 1 <lc j_$j>«J, I 

jal J V~ I mLj L^LLl ^j-C. 1 J ts*,"*- \ t 3J_L*_JI jajjstill i_lUj £yC. 

.(^jjjljJI ciilAil ^Xc. 

(jiojVl L^ic ^yliil ^j-ojjLHI JjL^JI juuIJ 

jLajVI cliij ^j-oLlS V jl (Jj-ILj j_«_u i4_JjUll jLju^U 

_}L>U I ^j-oLla] t4_4J^L« 3jL>^J g-1 Jl3^ IjJj . ^a4 < nil 

»__3j)jjiil _4^ tLight Year (4_uj_tiaJI 4 < < <|||) LliLLlI *Lilc 4 j xa «<|J Lo ^aj_?e_Lll 
LcL*.tTu ^)| Lulsj^ t4_uljJI jHa ^ L-3J I 300 9-J) 4_C.J-<jj £)! 

4_Cj_<_uJ! oJl^j ^t^3j 4JLcl^ 4_j_Lcj 4_u_u J^L>» 4 jL^ (j\.xa ^ t m^v ^j-c jJlus »j) t^ill 

x 300 4 _uIj x 60 4_3 _lS^ 60 x 4_c.L_u x 24 L«jj 365 = 4-bl < mU iJ^Lju 4^1 < n <a 

300000 x 60 x 60 x 24 x 365= 

• 3-L5~ q^jJLo 10 = 

(1^ h ts*> 12 4_aL«Ij 10 ^l) I2 I0 c-tTtSuj 

10 ^Jl! jj>- !>>tl ^Laui *^L> 7t\ 4_u4-Lt-u J>L>- 4 _jI i_dJj Ly l«-^ 

cjLbL^JU 4 j Mil j 311 3 jlxjJI I jJj . »1 <^3tl 

i •*>-" i n \ I 3jjjl>JLI ^_oI_l^JI cj! Cj^~ i_y^ L*Tl<-uj 14_t_t_uLJuJI 

.(j^jVl 
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»Lu2JI Qjo pJLc 


3Jljvj 3Jl>.j L^jI 4 j4 < »mH 

Juu-LuJJ C-JjJsl (jl L&j^. LI i/Vm 1 a»^La ^Jlo JjlJj 

LLb . 4-Uj-Ja 4_u_u 4j2 4-3Liu-fl £_3 j 'jj “JJ L * ,<J> * I ^?e_Lll | 

4_jjl 3 U-J JljuJI I JlA iCjl^ILc jl£ ^Jl 3 Jl>.jJI £JlA (Jj-5CJ £)l 1 m u,i 

: ^JjiLju 4jI Ju>u i ^j.u.^-tToJ I JlJL-u 

I2 I0 x 4,2 
^ILo ^j-lU 24 = 

4-jL^j^Ljj [ic. ^j-u^a-tTuJI Juu £>£- 'yj * I (jl *-^-L 

<_j-3 L-L l JI J ts~tj (jr^^ t JuljJI 4 < a ^jjseJJl ciJI_LAj . 3j-c lJi]| 

l_4Jj>J 4_Uj_4JaJI £j\ ( < till ciiVT 

Classes of Stars 

C< 4 < 114 I JJj lLsLouJ! 4j>.jJj I t LaU-i 4 -^jLJuTlc C.«-<-u-J 

Super Giants 2L3>Uj«il <3i^ - 

t(t^— lSkJI 3j>jJ,I) jl (LiLlII 4_3iLa_*J!) ^-<-ul (j\ j^l311 1 

4_3j^_jlJ,I 3_}j»oAI 4_uj£j| CjI Jl>»jJI j-&\ L^j! 1-4^ t Lgjse^w ^jjscJJI CrAi 

3jlj^ Jjal j-LL»j j (jyJbj cJajJI (j^>- LJ 

4_LLdLj < jt 3 (jI i nj C^tst j 4_xu^jv. >Tn 1 g t^Lc 4_>. 

Lajjjlj mm (jy l<JI ^ (i 4 M i l l ^->u 30 Cy* j^£l 

i(J- ulq-lIl! I $.j-u3 Cr^~ <—sVT 44 ^^L^jl1I 3 ^^ ^ ^j^uu $ Jujjj 

1 JlA 4JlLol (j-*J tj^Ld ^j^tLc ei^T 4lu_u L^-Lq ^2Jt_iJI ^ lo 4 ^_Luj 
. ^ 1 uLa_J j I 

Giants - 

La tiJJjJj 1 $!"( a t [&] Li^ i^L-uil (j -0 La^st^ 

, L ,,,y ^ j_Luj 4j_*aj>JI 3jjJLl jl Red Giants I 4_3JLa_»JI 1 jlLj 
.L^UlLai j-aj J- 1 -** OJt ^ -0 ^ LfcjLLa^I 
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pl^gjwJI ■ ■gn’illg q^SJI 


Main Sequence j-jLZLJ! - 

t^y £bp 14_j_t_u_ujJ I ^jj>o jl a U,, ,,j" t L l L^jI (jr^$ 

4_ijI_32La ^aj_>ij t(j <1 4 Mill LLa^>o L^-Lcj 4_3JLajlJI (j-a 

^J_3C_lII l j-A q \ » g lt lj (jjlll ^j-A LgjLLcO 

^j-a-sc-a /&0 ^JLj il t»l 4 Mill ^<vhttl 4jilf. VI 

JjJLi (j\ 1 <♦ U" , ,,1 i ^ys> 4-djLLail ^Jl^J VIILa 1 m n a ui LjJl>*I lilj ' 1 

»it*i 1 njlXI ^ILa jJ_x^ l_ 3JI 360 j q^-lLq ^1 ^>. ^JLj LfcjLLa^l £)! 

Dwarfs 

L*jst^ jJu^t cr^J t White Dwarfs *Lia_uJI ^aljjaVl LJLc. ^ a 1 «nj 

L-t-j-scJLll i J- ua <—sVT 6 1 !>>•% jLLa^l jjLselu Vj 14-bLt^ 

jJu9 3 j-a Q^- lL aj jJlaj 1 oh ‘M^La 3j^j»a 1 (jl La^_aI (jr ^ 

.c_j 4_uLj_jJI j^Q* ,miI1 ^->0 1 if<\'~ * I o^J **LU 43 L£ 

Star Magnitudes 

£)Vj t^jlajVI o-a L^_jJI jJoLtil g.1 a 1 nil <jbJt 4 j>.jJ CjjLaUj 

4_uj»2JI ^ajjstlllb t(jl » gltl I JlA (_y3 j3Jj ^jIdjVI uSjJ ^j-C. JuuJt J_aLc 

3 Jl_j_*_lJI ^ajj?e_LlL£ 11 S! t II ^1 C.j . Ll£. 3 JljjljJI i j r a> LjL*J, J Jl-U Luj LLa 

U a • Mj L^La 3jui j! t3d>? Lr^ f*^ r ~ < »M IU <^ll (jl 

L^Lj^j o%-4^ (_^I<J|-jajJSE_(-^ p J ' " ‘ ? ^ ^ ^ aLa-1^. (3>3jI i^a^jseJ-^ J-X3 

^)l ^jU*i 1 M l V i IjJ^ 23 ( i.htL jl 3jj^ai (jrAJLilj ^1 J_<_u 

^a^5e_d^ * 1 ^ 34 jjliii ^iu ^1 

ijy l(JI L«I t^j-ojLjJI jJlIII ( j-« j-^l»j- 3-^^>*-1.1 (j^_*Jl_j L^3 j}j (3^-aj 

O-A t l_LJj_nJ C 3 1 (JrU^4J 1^ 'lC. U:U iL> u^LkJI jJlIII (j-A 

. I jSLfcj Luajl t AjUZJQ ^jAJj-A-5 jJl3JI L^IL3jL_u ^j_A LjLjti, jLuil ^jl^JI JJl3JI 

•.^Ldl ^a^5e_d^ |U-ui23 tilljuj 

OLaUI 4-n.oJ I JwL£ 

100,00 JjVIjj^i 


I 30 




pUuJI qo pjlc 


39,80 

15,85 dJISIl jjKlI 

6,31 jKiJI 

2,51 

I , 00 gj-ujl < ut l jjKlI 

(j£. IjLti Jjjj <(jryus jjiia (jji (jr^l (jl <JjJn?'-!l IK* Cy 3 ^ l '~‘~S3 

( _ r a 3j^o 1000 juj5 JjVl jJloII . 3jjs 2,5 jJlSJI 

U iini ij . (jl « <111 jlj jjJill (J2 UK 4j| (_£l ijjj/jUoJI jJlSJI (jUaJLI! 

4_l11 mi tl >x£i\l 1 a i_>os i (26,7-) Aji ^ n < mi 11 j jl 3 (j I Jl>ij ^ ••1 * 311 1 

LjUi jui! ( s 31.a) jJlSJI (jl UK i«L^>.ji,l jlji^VI (j-o UUJL jii£l 

. JjVl jJ-3ll ^ (j-< 

j »j ■*■ ilI fj I !^JLiiej jjia i l_t£. j»^*-L lI Jjij (JjjLc. I uUU (_5-*K (j^Uj 

— cuSLLs 3jl>.j 1*11njUll) 1*11njLi 10 i _yjt 3jl>.Ij 4_al ■ na ^3Ui^a U-loa. 

. I j 3 t L3 lIiU-jJ (jlj V"ll £j3sjJI I JJt I^jjUj i ( 4_i 3o iA <LLui 3.26 

Absolute (jjlLall jJl3JI ^<-<jiI i3jj^jJ,l iaUui.1 J-i^. (jU<lll (_j-U 

. Magnitude 

^ U mi (j^o UJ ^UjJ.1 LgJUUd Uiij 33IUU jlUaVl jjlso Vj 

(jl « <111 JLjJ-ioi ijjsVI «t_2_uL>. (j^ jjfcj b^U. (j-l-*ll *sj3e-L1I JJjJ Jl3s ijjlajVI 
(ji_jj j»j_still jljJal ij \j (Jj_3j (jl liiljJ . UuiLi Ijju l_t£. Jjljj <iKJj 

t m (j-o Ju-^ljJJ 4 11 MfUj i"£\ i L^L^IlII 

lLxjI J^L^jlJI 3^ ^kscJJL^ udJj £-aj ill! LcL^ltil <>>Atl 
. ^U^oJI ljr ^ L_}Lc L*i_>o j jlu 4_iSLIj t3j-c 3600 ^jUJ, 4 jUJ. Juj-j 

4_u_u 300 LLc J-«-lJ cillj (- > i < <iltj 

^J-c^j-au £j\ 4j»jiU tl 4_<^ljJ 1 m \c. 

ia ^ <«„n ^ jji ^ ♦ j j u n ^^i-jiiai 

.4^iai f Lcu^Vi 1> j-A SjljLS. Ct^-jJ 





pl^gjwJI ■ 09 SJI 


^Lui>^ 1 4_*_Uj ^ JlJI 3 JlJ JlC. 3^-LA-A cl! Ll& ^_>dl ^j_<_uJ>iJ^ 

^yTo- ^JJSE-lII 3jljL>- CjU»J.} ^jjLAJ ^j_A LKU-i 1^->dl t4_L>»L_uJI 

L^jjI^jn. _}1 L<3-Ll>- ^1 < £)! ^j-a-S «^ r a-U < till L^jLadL l-£jju 

^1 ♦ utVl ulTlj ^ La Lcjj J-LuIiI 3^-^L IJljj jljK-usL 

♦ 3jlju>JI <L>.j.i -iL-ijL Jjjjl ^LuiVI j *<-^J Ij-p-lj ifj* a-oVU 

3jLui 4-L.Lt.uj Cjlj_t_ULJ ^yj] £-AX I j < >s 11 (jjJ ^3 CJ \jJlZ1 1 0-L£>J 

Jj_5tILIL9 . 3jl^_>Jl 4 j>.j^ j-lLII 4j^_uj t luVI t 3 ^j_A 4 3hLI,I aIjjxV! 

C^JLAJjl UK t4_LA (JjJjVt (J- 4 U^Jj^MlU SlJ_LfiaiI (_2 _aK*JI 4jL^_(JI 

t4_Lb_>JJ ^jjseJJI 4_*_luJ (jjjl (jjJ 4jjL 3_A-J LoU-i LvSU>J . 3 jI^l>J! 4jvjJ 

. U_^_L_luV 4_U_lu_(JI 3jIjl>JI CjL>.j_J t^yC. 3j£Ls 
i4_*JU 4 _jj_*_u^j (J-UlIL JlALluJ ^jatill <—S^LlH £jJ 

oUj_UU < rtjUtl (jyUU. ( j- d cjULUuVI aj 

j)j-L Jl£C . ^ia-uVI (jjlll U-A tl 3j3,3tJ l^LLLAj (JjjVlj J-A-2^VI 

.jL^JJI J-doj ^3 *aUj-<-u »Uin jj_U ^d! (jljiVl 3_}JulLa 

4j L&3U. JjLtaj ^jU* JjL& l-jj)^ < <ii*M c^JULAit aUU ^JLcjj 

.4KJL2JI j-AIjKJI (Jj4 U>j_lCJ OJJt (jUaL 

Jl-A-Tljlj i^ 3jLt| £jLn]L ( ^ r 4_ < _gj a! L i ^jj?e_Lll l_-uj^j ^_) Jj0J 

cjL>.j^ ( 2> £ - U>jjJ l_j (j-sal jl>JI Gjjtj <4j3jUH U-uolj_L ^jyU ^J< m3~H 

4 j <1 j U II ^_aj jl^j .^j_?e_Lll ^j_a SjljUoJI 3j!jl>JI 

33-uCla 4_Lj-*-^ 4Kj_a ^yic. J ju U_La l-£jj>. OBAFGKMN . 4-lLu^UI 

jLlujJI ^j-A JjVl (JjLJJ * 4jJ^_LOJ 1 ^3jU (j-A 1 ^ MJ »" ^Uj (j-A 

.^j>o c^! 3^->^ N <—dj^Jl La I t4jjJ5t_t_u jKl (_yU (0) 

L^J j-Aj-J t4_LCj_^ CjLc J-A^5e_A ^Jl 4jjJU ^ MI 3 n (—Sj)JL>Jl i>Jufc (J-A (J^j 

- w j^AjJI J^_aj ^1 4j^-iL>oVL l-lKjj *9 ^yil J-O.J-SS {j-a JlcLj 

^j-a ^jde-Lul c.<-£jJI ^j-oAj K ^ Aj -?^ ‘^Lla K9 

<tc^3 (j- 4 4jjit_Lu jKl Mo 4_cjj U_>o ^LdLj <Mo ^>d 

c « mi 'v ^j^e_Lli 1 3 j / »-->" VjJl>. U_l^ ^Jlaj ^Liaj^Uj N ^ A^Ltl 





»Lu2JI Qj 0 pJLc 


4_uj_uaJI d ^ <Ltl 5j|^j>. o AjU>tl £jjJ| 
(c^ij-^) 

3jj? i ooooo o 

CxaL 3jjl 45000 B 

‘LSjjJJ JjLa 20000 A 

13000 F 

11000 G 

dukL 9000 K 

^Uj6000 M 

*\4000 N 


pj ,,. c a i^Ti \jq Lljj_3j Jl>»G 2 ^y-LjLJI ^j_Lll (j.u.4.io]| ^-L-aj 

1_4^ t(j U4 Mitl jJlS 3j-a (jj^iLa a ^>«j (jL*-l ^JLu^ t^A-^e-Lll 

ui * (j-^-A-itJ 1 ^j-4 Q^-iLq ^JLj LjLaX ^Jj 3| (j! 

aLSj^JI t^-tTalI d ->■ U> ,,. 

3j. 3 <«oU <djUI ^Lia-uJI ^^5tUI L«I 4_ua]L>Jl ^Ltia-uJI 4 j9j^JLJ 4JjLI,I 

4_jJL3jj-j ^fiLxjJ L^iJjj i4_3 jL_uJI ^j-a JjaLs 

L»—iL<^v ^j_?e_(JI (J-^l J—IlTuu ^yjG 

1 g ', U. 1 j .< Lai i^j^seJjl , ,,I < jLuj 4_3jL_JI 3jIj^>JI cjL>-jj .3jI^jv 
.cjL^jjJI 3jIj^>JI J 

&LmJi 

1 $ ? aj ^jLuJI ^_<_ul 1 . ( jllaj »1 4 i nil a Ll 

{j-C. i 1 ^ ^ I 3" ^Jj I^£2 ijj ^1 (J-aII jJtil ^jLj 0 Jufcj . L-L<-u-4-tTu 

^ jJ! J_aL*JIj . L$L>.L Lajj^j < <J 

.j>> • j a , 4Jb5Jl jj& ^y^uSjJl j-jLni! ■ L-v. <l3JLl>JL1 L’V cj' 

^JjIjuj s 3 j_aLII ^j_a t4-uL^-J' (Jila ^jseJJI 

i ^.u-A-t^jiI ^j_A Ig.^ ^3 LA5 t^u-4-^ijJI 4 -t t^ ^j_c 2,2 

«^.u-A-tiu-i i 3 j_a 21 4jL*i 

^g>«j t<GJb^ (jr^- J^aHaj i _ r ^_u_u^JI j_jLnJI tUL t^> • i> (jl 
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£yC, 4.3 }Lc Jjjj J^elu 4-L.la <jI JlJ>o 4_uL^_JI » Mill JlLa JjL& 

4j5t_£u^j 14_iIoL) S^-aTu-uJ. 1 (j-C. ^Toj JuJufu - ^< t^l A"^V1 

tal <>s3tl ^1 C-Jj < mTi (j-« 4 jjIj^>. Jijilbej ^JStUI (j\^ I Jl^J 

£^L3j (jl ^seJcJt Ji.|j l£jJJ t (jj»3j! *J-^L) f * 3 (j^J 

^-5eJJ! ^j-LsLj UJ) ^ JJ Ajj. < »nU 4^LLaJI ^jS L a T u 

. 4-Cj-<-uil 4_3 jLs 4jjj_<JI Cj>LlUI]| <j_a 4x.j_aJ*_a 
3jlj^>. Jjal i4Jb^ JaVI u < ytnll Lai 

^a-J ( j_aj LLi-C JJal t4_» dal rtWVI c-jjIUU t^y^jLkil e_a}LiJI JJSj ^jl <±<-t>. 
sxLaj 4 jj)j_lII Cj^LcLoIlII 4 LlsLiiejl j^l 3jl^>Jlj JjsT <U« <>»tl a 

(j-a Jj 9| 4_La^ j-iluj IJiSLaj tjjal £jUtU 4jj,<.ulU 4 jjIj^>JI 4^LLaJlj 

fiLxjJj 4 -LTlSLJI gl Ah11 ^ xt-UjJ 1 £_)LuJ 1 3jj_<-aJI ^JlAj - *. j »>*tl 
J_La jj) W*<t 4JLal£LJt 4_uanJI JSLtlaJ (j-UJ V *3 jIjl>JIj (jl» aUl 

HUd auUjJI jjLuJI Jsa^ tjr i£. Jl>.jj ^jjseJJLs .CjjJ.1 J^LjJ.1 

i}U.T ^1 ^LwLcj i Ig <UL) ^ {j-A LbJjJdj mi! 3j_iLa 

(jl-3 tAj^jJLl J^sLitl Cr^ ^ J?J^ A Cr^l Lr^ £-*J 

La c 3fo?ej Lafcj ♦ ^a-seJJl ^J^.|j ^j_a Jll^JI jlAJu ^^^IU_u-u ^_aVI 

4jjjJJI 0>LclilIL>3_La3j 4 aV <^tl 4J b SJI Cjl!i CjjLstj 

. Jja! 1 (j-* ^H- 0 ^ Ur- 4 ^ 3 J' L&JjjSj < n t4_JUj_<_uJI 

4 < (i a 3 jJl ^y-cu— 1 ljjJI j_jLhJI tto*>- ^ 3 m 1 ,,-JLUl ^J-l.u-u ( jj\ r -^-u-a-tloJL^ 

j-Aj-4—ljL a-iiI 9 Mill ^>0 La I-(4 _L_<j Q^tla eJiVT 4 mi a^» iS 0 

j_iLnJI j si . ««4-t ^ ^ ^j^jj_a ^JtI jjn. ^j-u-a-tTui' ^j_a ^ait_uo I ^_>o l_Lu La^ 
M U 34 4_u_o Q 3 - 1 L I , 5 Juu 4JL>-j-a ^1 (J 7 _<_a_ujJl 

\ 3 11 j_& 3jlj^>Jl 4^>-jJj ^jljL-a-Lll <1^ ^j-a Jjl (jl£j 

^Lc J-^J Jl^j . J-uij ^_^jj-aVl 131 lj gjlji m inlj-tA ^^j-ajl jJl 

uM- 4 l>^L^ ^Lu J^Vr^lA 5 19,3 

AjU>tl £^jJl^ 4 jj1^l>. 4^>-jJ cr^ 4^Axcail ^j_a ^S_»_a Jju 

♦ J)1UU Jl£ (jr l^. aLu 4^t_3_u^Jl (j-a ^r\_*_a ^Lajjl 

3jlj^>Jl 4 j>.jJ ^j-a cy^- ^ - LX ^ u O L»-a-U 1 ^jl <±.t_ o >j 

(^Jj_a-»J1 jj^J. 1 ^ 3 j3-> Jl (jLiLalll 4_t^ JlLaj J^u ^ic. 
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cjjLcuj I t >jU jj^JL! w AjU>tl 

Lc_aL^?cj>- lJjJLoJj '(^ ^jL<_uj lil (^l) Lcwjj 

U ,j_^VI fu^U! <>a J-l^Vl ^1 JSLSJI I J^WJ -0 ^Jl_UsVl ^5tlll 

jj-C. ^j-A* A -■»■ / a <LjL*J, ^jLa ^LliLjj 4 Lu-<-uJ S^jju-o ^_La_<_u 4 jvL_u_« 

L$jfcLc jj eJiiHiwIj t £rL^>«j (jIjlI, ^jL_uj lil 4_jl Jl>o 4_2jjiaJ! ^j-oa-uj . jl>.VI 
. ajscJJI £)Ij 3 4^jLui_i^JI 

LajJuv ( _ ;r jJI ^jjeJJI C j_c 3 JjJl£. Lb^I (jl Jl>.j LcJlIc J_<_uj Ju9j 

llilj . ^.^ L - LJjJ 1 j_jLHJI j-uu-a iLaS- C.< j l9j t^L-uil JSLtoJI ^jyic 

^3 (jy -‘-^>llijj ‘ 4_u^c 5 ^ tA, / ^ UsLl) t ^JJ?C_Lll 4_<_u1j JlJ 

<? Jl_& j) tA’i f. <j »i g mi fl (jt 11 j t^> r A Bjtf $y Lulaju 

JSLuIi ^j-4 ^ <J . ^_<_44 _UjJI J_jln]l ^j_4 A , ,,V1 t A /11 ^£> £_<2JJ 4-C. 

£_< 2 J ^jje-LJI a £)l 4 ((J-4-uj-^jI j, 11 »n 1^-p ^^UKJ jl <<0*^1 j_Aj) H-R j-_A> 
Jp*>J ^P* ‘J-p^l L>^P' Ur^-^ tlP <jr^ 

J^l Jljvj_j C-4-l>- ^jJ! A , ,.T t LjL*I 4j 

p » a (J a -"i Jj ‘(j 1 "j\P' £-il3jll cLajj^i jjfc IjUfcj i lajjJa I g~i3L.|j jajjstil! 
i( jr j_u_j_jjJ! ^jlluJ! L^jj_ul_b V ^^3e_l1! ^y^jt j tiJLLAj . La^ ^j?e-LJI 

(j-a JlJ ^La (^JLULij <lj| t ala tilli ja£.j-iJ oJJt (j-oj 

oJJt IJ--& J£Lau]| (jj 1 (j-aaVI ( 3 ^>II j»_y5c-Ll! oJ-tb 

j-aujVl (j-3 (Jiaul (jrllj i4iILaJ(JI SjjiLji l^Iooj 4iILaJ«J! 
lga~a-~»-J Ijj I n‘t ifllc. 3 jIjl>. CjL>.ja L^Ij LjLxJL Jal j»^5till (j^a ic.j^5cjs 
. r 1 i's* j < tl j»lj_aVI Lfek ^3^^ Cy^J i4jL* 11 j-uLaa 

( _ 3 -S ^1j (_ 3 -j.II 3-^5_j-iJI di^Lc.1 n~tl (jV 3 I^il<i~ia J-oVl J-^lj (_y3 (_ 3 akJ 

i4_u jL>JI (_3^au ^ajLaj La 3aLL^tl (j^a ' jj'a Jjlj jaJj iLlol^ jl < ~. a aL^j^la 

. J i-Vi-ao (ijajo L^ji 

j_jLnJI L» (jJI Lilj^ejj jaJtlll a^Lus Jju 4j| llUlIII cl al«l J_ac 

. C .11 f n a _ lL ((__^ < < n 11 (__^j ^La) (j^a^ 1 (j-a 3_^jdJ lLI 1 < A (_^aaj_^ t , ■ r 11 1 

la^La^. _i i^i jt (_, i ^LdJ! iViL. tiJjja ‘ Cy° “*-} ^ 3 i~. .m (jl jjljj 

3 (jl .(_Jj^i.| JjJaj (Ja.ljJ3 3 Jl*j (jl JL»j (_)3ajj! ( _- T JI (Jjjcjj ^a3 

(j^SUI (_^3 (j^i 1^1 3 II t_!j^.l (j^a iL^jlaj (.yj^-J Lfcjjl_La jj^a j»_jc*jJI 3Lp. 
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• l5jA> jj'^J 

IjjccjJ "•' aljisVlj 4ji]LaJ<Jlj i nj\pl ^jliill (jlJ Lijlja I 

j»jJa (J^ J-iLiLa u 1 nj^jJI jjblll it- 1 -%. (j-1^. ^acjo 100 (jJIjj. Jccjj «Lj) 
(JjlJLa t _ y £ t _ 7 j_u_ujJ! £jLHJI ^acao *—sVI 3j LaJjiJ . (_)3a_ul 

(JSL<i V SjjLill jjjs jl>.T tiJllAj ,jji JjV-ac. 

JJjJI 3jja (jjs . Infera Red Stars alj_aa>JI c^o (j-Aj ,j-_a 

cLa_jJI I ij 3_t lillj C 11 ~n La Jccjj V 4j| VI lajctiJI oj-ifc JlLo 
. V^ at a ijj£X (jl jjSLaJ Lfc.lJlc. (jlfl 3jj^._ja j»_j^ill oJLifc CjjI£ I jlj ij-daL^JI 
OoLi 3' I— (jr^ ^jsc_LJI a JUfc jjl-SjjJilll 4-p.l_Lll (j^a~»l alall Jl>-j Jj3j 

. 4-jj mm 11 ^IruaJLj 43jjiJ (j^-aJ V i_£jJI ij-aa-Vl 

Stars Populations 4 hI I jJXAil |«mmU 
*JT a Jl2 ‘^~.* Walter Baade i_£jLi jillj jaJL*JI j»La 1 1942-1941 al" <m JVL>. 

■ j-aa-VI ^ lr aLml i n-c 4 jjjjj^sj clsLa^li lAndromeda 4 I ■ III ■ .ill 3!jJ,l 

S-^ccjJll jijjtlllj i3ja»JU £jjV 4i]JJ,l i—S^Lii-l aLkljUll ( _ 7 C.j3LauLa 

(jrt-J (3^ 3~I II (Jr lc. 4_Lao. La^a .£jiVI 4 JjKJI (J^LlU er^J j^j-1.1 Cr^ 

6 -° o^V 

4jjjJij| j»^ 5 c_Lll 4jjslj_aJ Lujjcjs aLaj^VI ^l cdlill a Laic, j-Lajial Jl 2 J 
J-*j 3 SLIJ .(jj^LlI (ajaso Jila-i 4-L^. IjJccj (a£jl IjiLij i(j 11 a i~ i 1 1 < 3 ° 

4caa3aI j Jjjji J g tVi jl itfjLik jiiill 4^>.j I U d. ^|A~|| idslijlJLa SjLc. aljccl 

^jg3U LilJ ja3 (j-oj ijLaC.VIj JiSLlI 4jjl m~ a jajj*_Lll (_>3uu i_a^jill (jjs 
3 I u Ic Qjjj'slatl 3 3~_ij .Population 3^ g a->JI jl ^jK,nil g3a .. JljJl>JI 
3j g a (JiLaJ-4_uiljjJI_i Ijl^c. j»^*_Lll " a M i ll 3 jjL>JU jayaill 

• 1 (^J 

(—3JJj 3j^acc. 4 31" A a Cjlj-La-a L^J <H 41- t -a- ^ - j 

Sjjjidl ^VbSill (a—l ^llill aLaLi Jilajj .44^1 ^>L&lll 4^,U. 

J (_3J| dr'-J ^jljjj jLjuI (3^- ‘-Lia.vlj (3^1 Clusters 4 t a-a- ill 4 jJua>JI (ji^- 
LacJlC. jjLo Jl 2 ^^Jttill J_i_a JiL* 4 JlC. ^Xc. j i4-Ujjus 4iao t_3J? 200 

J Ml ->JI L 5 L>ii .i-3jjVl oLLa ULp.|j i_3jlVl dilj-JuC. Jls-I_j 1 I JL<ia»JI ^ 


156 





*Lu2JI Qjo pJLc 


At c_jJlj Vj 4^_7eJJ! (JlLa <L*-aV 4jt_S_j (JSLio (jr-^* 

.^j5c_tll LtTu-A Jl^s 1 IxjJulC. qL^\ 4_l£ i4jl^->.| ^Jl IjlA 

4-xjj ^ 1 ' ^I £j-iVl cr^ t3j^>JLl Ju-oj ^Lul 

Lai 4_3JLa-*JI ^j_a Jxla _}JlC.j JjjjJI 4_3]LcaJI ^j-a Jlj jJ.1 Jl>.jj 3jx?e.a-U 

4-aJLa J til Vj t^_a->- ^JULa-C ^jj?e_L!I jJJ £)| Jl>*J Jl3^ 3jx>JJ l-JLs 

ciJJjLJj .(jylahsc-a (j- Cu -a A J (j\3j$o y 4j-aVI I J.A ^JiLj Jl^. . 

‘(jr-IjVl («-<-“ I !-$}>»■ L»J Sj^il gjit (jr^ (ijj-^ cr^- <5^ 

J 3 1 c. Ij . 4_jjLx!I 3j,^ aJ1 ^axxt 3 jl>JU c-JLs 9 j-a^>Jt 

xa Lgjtj ‘Ij-x-c. Jat (jJjVl 3j_^>J! tjU-L a-j-a-1^ I j-& (jl JXJ9 

Lai jLAJL 4LLa-U «Luj|jJL>JI gjiVl jLiJ! (jjj CUjj£i 

< I a ^Js jjjxjJII jLDI £ya dii mi Lx J^i 4 _uLl!! 3^^ a 11 
i3!bjLr»J! Sj’slatl CjL-uIjjJI jLill (jjj Lj, n't (_yJL>Jlj ,3j^>ill 

(jJI jJXsVI (jjs 3 -jj cr^J ‘Xl(j-oaX (^Jl i^^Li (_P ftj,n3"t (<U 
t^L; La£,Lxj_^Vl 

(j-c. L&j-c-c. Xj_j V ^j-XlII J a mi~j :3L3jJXH 1 3j-a^»JI - 

j»^90j (O) njt-itl ^j_l!I <jjs £jXi3 3j^aJ>J! o JL& O-soj ,4_X 

3JLl 23 j_^sLx. (j£. 3jL^. ja^stll! o juk 3 jLo (j^o 3 jUI 3-»jjIj .3-ii.LjJI (B) 
(j-a (J-SjT j-calx. 

(jrj-J LfcjLa^.? ^,11! J a m , ~ j '■ X J 1 3j^«j»JI - 

SjjSLa jajjstll! e j-A 3jLa (jjs 3 jLU ,4_X 4j^Ljj 4_X 

. 3J (j a ~»J I £JL& Clm 4 , miU 4- L a- X jl Jij) ^ i_Li_u^ . 4 _Ll3j ^_ual_Lc. J_j_a 

(jjtai-J 4 j^Lj tjrtJ LkjLa^.? ^jljjj ^yll! ja^XiJI Cr&J 3 J-6X>- - 

1 m ,i a ui ^-a3_5 * 4 Ll 33 j-csslX 4 jU, 1 t _ r 5 (jxSl jj-a L^jjLa ,4 lu, 

tfXt (j a i> i 


3 , ,i aL. ^j-a 1 flf I La^j>o 4 ,"i"j :4- l l u JI XjLiJI 3^.^ o > 1 T 1 — 

. ^ La 3" j_usL_X 3JUI JL>.!j (j^a L^jjLa ,<LX 4IX, tjr !J 

(jJI (J ,^1~I X-ILc. Cjlc.j_tj, dj|3 ja_^5tll! jjjs XvjJ «JL& CXoj 

.4_jjLLI 1 ^3_a LLX 150 

(j-i-j Ljtj-a-C. ^jljX ^_yHjI (J a ,3 i~j :eL2j li~t,l XjHII 3j-g.a-~>JI 
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4jUJ (j ^ j 3 ^-Ic. L^j_iL« ^C, jTl>iJj 4 4-Lt-u (j a-ti-3 4 _u_u ^Jj 4 _u_u 

£ Jl^J VL_a l_ujj?c_4 eL>.jI Jl>- I 4-u^eJJl _}j-eu->J I j-uju j .. 4 JLl3j 

. 4_c.j_^j>LI 

Lieu j-JL^Vl ^jjscJJI ^j| Luajl iC jI p j > << 3~ tl Ijl^jj 

. (^TL>.J)jjLl^il J-3 jVI ^l) 4ij3~<tl ^.usLulII o-° Sj_u£ 4_eeaJ ijr Lc. 

1 L eV <J oJjJJI jLJI J jL-*JI ij \ J^lL I Jufc jjLU_$ 

t 4-b^ : J 3_iLU £j-a JlIjj . 4lj3~ill j-usLulIIj q L -lC t4luJu>JI 

j_t^l_L*JI 3jJl9 oj£j (jlj JlJ V 4 (<nil L^.Lq CjLtij 3 jLUj 

i 4_XjJk_3Jl ^j_?e_<J1 0J1 Jt> 31 Ml ) 4_jT tell!jJ e_jLu_uVl . 4 1 j3M1 

(Jr1e>.JjjLUfc <— JLiJI (jjSL jLc (]>£■ ^jLc 3 jUI t A Cxjl^ 

. jLiJI 4_ecfi l" , ,^,7>\ CLcJj^J ^1 ^jj?e_Lll _} JlC 3jLj^J)J t^_tLfc^ 

»L^_3JI L^jjLa g .1 Ur.l Cj ji^l-L^jLeuj Jlaj-^ajj?c_lII 

L^M^leuI ^_J 4_U^?e-til ^-l-C. 3 jUI ^j^UU I Jl^J »JJU C-t-L^J 4 L 4 J . U. j 11 
cllSjJz jjs ^jj5c_L 1I o_*a I j_l.i£' I j Jlc. o I icJLLjJI »L-L. jl33ju^ . ^seJJI 
4 1 mi \ doLjL O-lu ^Ull 4JL31JI j-usLulJI p^t n g-Lb-dJI 

(j\ j jLiil 4JL3!JI j-^LulI! 

prl_J La 3_iLL i^Llil J_l>J 1 jLc p-* 4liLUI pL ciJLJjJ 4 _?&_ujj 

t^e>o I 3LtTuj J j . 4JL3i]l ^yA 3j-x^ 4 _luuj L^J ^_u I J^ 

j_u^L>JI deSjJI Lai 4 Ll^-3j 4jUI ^ 4jL jlc ( j- A 4 jj^L 3je>JLl cLL 

of Vl-Sj^JLI^atsSlI JS^/.IO^A^jSJI jLlJI J^f 6^ 

cL-l^j 4^^3c_l 11 o^J La 3jLo jL^.^ Ur^ q-L-<-oJ j-eu ^jjseJil 

Li3j3jj 43jUI ^JlA (OL*^ t^A^aJu ol 4o_cjJI o_fl I Ju>. 4JL^L ^ 

(jr^ 5L -Lj 

V JL>. ^JLc, 43 jIj J-LC ^JliTl£ 4^jj?c_J1 q-^♦ < 1 CjJ_>o 4_Uj_C 3j-ALL LiJLafc 

^ 4 Mill 4>Juk o-«J ♦ 1 ^5ee>JI di-CV o_c »j) C«-CV o_c 

0_« 4_j_^_eulll ^jlA CjJl^Tu-uI 4Copheid Variables 4 _jjL_j_3J1 cj1j_JlLUj 
. 1 ^j4 ^5-di I.J-A o_« (J_^f cJLL^I Q-4jjl 4?j4 ?11 4£.^_^J5c_a 
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i y I j j J i Jjua J<u 1 $ <1 '»■ •>• jLi £ juk j-ujUjj 

t _ ? _3 Li < mi tl (jl lLLLoJI sUIc. . a A Us" ', A 4 jjjJ <LaL>. <LOu 

jojtlll i_3!jJa! J-Juj e JLk ( _ r 3 ^-u^l i.Vi a (jrujS itiJLl j 

^0 „,<.H „UJVt ^ :^>-Vl U .2 LloUJI ^ .JiljJI tPi 

0 u<n j^jVi aJUJ! ^ .fwJii ji.b jsi*ii .u;,^ti (^jUJ! 

4-m.ilaJI £-J_jjVI (jjs <L5 JIaC. libjLijjjJI tlilj-jilLUj . L ij (JjjLVI ( _ t 3j joj*-LJ! 

^U>« aj . ((Jjjij-^j|jjjjilj_lk) (JSLii jjjs 5 j_lLu3 4jl0i (JiLaO (_j-‘kJ K, G, F 
laj^tilLi ialiSLI! SJLJja SjlSj ^ »Sjjl nj^tl 3 -jl2jJ! oIxa ^ 

•J- 5 ^ gjj 

J j 3 < KjJj-flJI cilSJ t4-jjl 3j3tl oIj-ulLU tjj* u .14 Mill jJj 

jj ^JLc. 3l_pJI CujISUj (^±ojI cjL>.jJl]I 3juJ lc Lb VT^-jjlu 

« ijr B Mira l^-ta 4 _ 4 _«_ul 4 jj 1 3j3tl cj!j_uu1I ^>«j <jJLLaj . 4 < <>a 
'_1 ^3 tcT< Hill j JloJI 3 '"" ^ J^- 4 L$_J~‘~ U -* _3~^3 ‘CctUS <i t^> i^ 

j— ulTlj 4_l£LIj l_j j)^ < tihlL 4lujjj j. <a~ t <i i Lai £-« t3jj_>J,l £j-ul!I ^yC. 
3j_a 4_jLjl 1 Jiaj-j tj__aL_4j| 3 JlC IIbU* J-LajJ .j_ti/L*JI jJlIII jJlIII 
. IjSLaj ciJilll jJl3JI jjjoJ ^j>^I 
^aj^>a tN 4_aj-«j M 4_jaj-« ^t^>» a ^jl j_bIjJIj 

j jJb t ^ ^ jijSa JlB ^LlaIII jajuilj . 4 JLjIa]| 3jIL3]| diljj 3j-Ju-o 

3 jJL 3 JI CjI B Cj Ij-jJLLL I ^_B j I JlB I 4 t i mi J—LlJ IjaJu *<U 3 b 

CjIj-jJlIII ^B ^LlaIII laical *l_al ^B Lilli] I lLLLc Ja>*j JBj . 4 lajlaJI 

i^jjaj-^LII CjIjB ^j-o (^^LualLal -UjU-L t ^jjVI I_AJl>. ^Jl 4 ajliaaJI 

t ^»Km pastil I Jj»a lil_B 4 JuJufaJI Cjj)3-v. Luja>. 1 m Ut" 3jabll^ll 

. 4_J cit-t-U (^jJI ^ j »>k 11 f^yZJU ^_yB Q^J^SLII dilji 

c i lino tOlj-uull ^_ ;r B J]Q]| jj I *ULti! (jii lSj-^3 

3jjla 4iBliv N M 4aJjuO (j| .^seill ^-l3-lo^j^B ^-33 jLjJlII 

^B ^jlll I Job ^?i]l *-i]jL5cIa I *> t^J-dB L^J^xi 4-t-cTu I JaJuisj 4 Llu-oJ 
. 4_uiL>JLj ^jSLII jLxiJI I Jufc 3 bLo (J-* oj jLii. L^j 4 3U 

O j K La 4_ji_tlaJI jd jjVI jj-c 4 jus^LII ^^stlll ^)Lb 4^jl>*VI 4_lvI_lII ^j-oj 

^ Lo 3 j_3J! £yA ^j_aaJI Ijl_A »gj) I (j-o 3j-j_t^ 4_a^ 3jL>. 
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4-lIt <>*tl < 4_*jLii! £_aju t^c.L»_Ju| ■ L»♦ «>> (jr k. at^l->■ ^\\ 

t n £jj9jJI ^jA 

l)_e I Jo>. IjjLj Lc.jj J^j>o ‘■(jy • njljJl LUnJI iUV. ^a ^LjIs l)rj_ejJI ^Ij 

,3jLc 4_j_3_j_LjJI L^£.IjjIj T Tauri Variables j^ILlI Cjlj—jJLLe ^jseIJI 

.^-t-a-u^JI j_>LnJ1 4- Lu -e ^a 1)1 ♦elll ^i-jJ-3 juil L^le N,M,K 

<Gj Jo. ^,J_>I_J l_£J Li dll! I » Ldc JidjUJ t I jLtiu !j_tij J.ULLJ ^,JJ?e_Lll 0 JJts f .. J_LOJ 

0 J_& (jV JiJLa 3_i jov j_e Cj I^_jJl 3J I (j Ij I 4 j j<le c Ojalluja 

.^ jr ^o_ujJl j-iLnJI t lo-v. 1^3 j^-Lj 3" H 4 jl ef. (Jlj3 V ^j-selll 

C_Jj_3JLl L^le Jl>. I Juw^J Vj t3jlLu_e 4 jjLij_UI CjI jdull J->U Luj^S (JT^$ 

(jyA^U-> ddl 20 <^1JOW Luj-5tA CjIj-UlUI JJlC j-Luj . lie 

^jjsell! ^i^JLe l)La tL ^jJu-a]! l)}lj*.Le 4 jI^_<_u ^£ Le| ♦ L^le ^1*T jl (^1 
j_il*j Lgjt t^j_ei>JLl l)-e 3jo_t< 4 i > m i Jldj CjLjjLLlS 1)-C 3jLul 3 j jjuX \ 
. Lujj?e_eJ OJj^J9 Ijl 3 J-ULUS 3 jsca 

■ L> L^j ij_dw j L^_3 jj_i ^a ^jIju V 4jjLijUI CjIj-uuJlI (jI ^_l!>!IjJI l)_ej 

3j) ]n •>,JI 4_A_e C_J Jl_j jlj ^ 3jU j.luu l)_e 1 <>ij 1 Jj t( jl ♦ elll <_a}l!>J i j ) A 

J J_e-lj jJI d<-^jJI ijyA-S <L>-1 jLj IJlA .lUujld £-u 2 j_e 

^JJ 4_j_3_t_LaJI Jaj) U->.JI lie diSr t^i > »< Jl>»Lj ^elll 4_t^ 

1 JutTu-e a *>. U>,I 3^_e ^_?e_<JI ^jlLeSLil «:LaI iel^jj-ll 4_p-llll 

,c 3jUU ^j-e elj-e^>iil 4_p^llll 4 j3jUU uLajl^-^U [ic. 

Nova 

Ujl e r. Lj ^j_uLj_3JLj cHJjj t4jllil 4^jt«n ^^jselll 3Low Cjljjiolll 

1)1 UjL>.jj Lu(i,^iii ^Ic. dUj 1 f3jU jJl£ (Mill l^u^L^e 1 a l ,\L m a 

i i 3 ♦ j ^jJl 1 ^ M. Le^l ^e3 t^j-u-e-uJl 3 jI^j>- 3jj_La_u^J,l 3jljjJI 

C.«-<-u-l 1 j^_eVl l)_e l)lSL_o jlc. ^_tTuu j 3tl ^jLceJLII 4JL>. 

1)1 ^)_j_c. . jj_La_jJ! I JuA L^-a^ »"1 i mj 3jlII (J4lot_j 4jj_laj 4je A>l VI 
4Jlow J_eL^ j-iaj (^JjJ tCjjl1>^ t 3 miCi 4 ,<1311 jL-ojVl 

c3Loc_£ Cj Jloc_j jli . CjLc.Lt_u ^Tow j| - 3e ^LjI a ♦ .>> < ^J^L>. ^oejjl 

(^jLaJI 4_jL*_l 1)_C 4 _jL*J. Jjj-jj iSJlAj ^J?elll joe-3-ij l)T-jl jll ^L-u 


MO 





pLuaJI QjO pJlc 


(_ybJI t^j_5e_Lll 4>Jufc JlL4j .CjIjJLI (JAj^Lo diVloJl <-_sVT 

^jj?e_Lll ^j_4 3l^t_3 4jJb_Lll C < 3 i~ V ^Lu-bJI 4Hblo LAjL^uI J_lS 

.dJLLiJ! »1 4 i r. ^L^TlaI c_jjlj5c!l£ vl 4 <m!1 4_*_4^UI 

£)l J-jl.l. 3 i^j_A JljJlAJ! » 4 HI 4JLo ji 4**i < <n V JLo <_yl£.j 

Cjj_<L>JI Os-yj^z JloLj ^ <<o4I ^1 4-C.j-4.oJ jo- 3~i 11 ^oeJJl J_ioj 

.cillj jj^_j jl 4_b_u jj (jy I <^»V1 4jL*X Lstolj LoejjJu 

3jj«oJl! jlaLcuj ^jl tc-jj5L4.ii.tJt ^Jjlol (J-j-s j^-u-tX! 

1^4J (j-4J 4 1 _AjLsc_4jI ^J-3e_(JI 4 >JlA 1 gjif. doll^ ^yUJ I 4_jJ_UoVl 4JUJI 
. lib Jo. JlsLufuJ ^joj L^jI jjjlaj INova 3 JljJoJ1 yj-u ! l_4_ik. 

j-La_3 j-lSo V (j-b-ul I_4 jj 9 i(L^jj) jjr 3~<4 ^J1 ^-5tUI Jjjfclb 

j-J_4L_uJJj3 I jLt-i^ . CjLc. Lou £_tOJ ^3 ^UJJ 4 >LlU Vj ^jlt-ioiX 1 

lJjJ! 4_Cj_ 4Ji_» £jL>Jt jUJI jL>* ciJj_^Ibj JjL4jJ! 

<_I ljl_& yJt jLjljJI tjl » 4 Ul C « 14 »J . 4_ulii]! j 3_4 jJL£ 4j1 4 t M 4^-J 

4_*_4V LLsj-lao j * j 44Lua_aJI jloJI jLiJt ^-3 Job Ihlj 4 JJl^TlU 
c_Jj- 3_J l_4 j! tAJJ JlajJ L^j j-ubb ^ jy I(JI JajIaoJ I 4( 4? J lot I 

4^_4^LII 4j-baJI JLoujI JJijj 4dJjj-jJlj ^jLiJI c^^LiJI IJuj £)-* 
jLxibjVI j 4**i4 >n 4 jI j_4 4jLtijVl ^jUJ! ajL^UI 

. 4-ilua VI 41)Lo ^yJJ Jjjuj / ^ 1 »>> A11 

Juu ^4J 4 l^jjLo ( j_4 f-jsyi »L^abJI JlSjj j-sti-b jl l^j_Lll 

4 4_j_jLj ^j_5c_LII 4>JlA j-5ti_u CjVIoJI 4 4 ( 3^L_4JI 1 ^ 4^1 ciJJj 

Cj Job 1_£jjj| (jLlX djLjJI . a 4 / /i Cjl^Hb 1 ^ «>>• < I JlA 

4<U cjLc.L_4j j_toj tiJJj yjJCu-uj ^jLoVI 440LI4 Sjj-toj LJLc 

. 4_4olo SjLcibJ V 4 jI jJj LocjjJlj ^Lta ^jLt-4-UI Lc I 

4jLse-4_jVI 4 J i 4 r. J_L^ BJloIj dj_La_3t^ L^jJlI ^yjLstiJI JJL 4 II! ^Ib 

^jiuu L;r ^J / A Atl ^Jj l 4. \ a" /4^eJil CjIJLlLj (j_4 4 j2_lLj (j_4 Q I jJuU£ 

4£.j_4jiJ JjL4Tb dJolj 4^joVl jJj 3 Jo I jJI CjLajXs 3jic ^jlLa-b ^jLoVI 

4djljoJl 4oj^ ^LajjV 4^e- u -4^ ^Lj L^jJJ! ^jUJ, Jjl <j! J Jljj Vj 

JjUj L 4 (_y]J 3jjL4lU 4jjl_*JI 4 3lUtl Jjl3j gXjuiVl 4oLt^L4 3 jLj ^j-4 
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pl^gjwJI ■ ■gn’illg q^SJI 


.JlI ^-5e_Lll j-Laa jJua ^->1 ^-* ^jlc 
Juuj . L^JMiv ^jstill 9 . j-ua 4 jJ)j ^51^ (j-*J 4-aLLli ajLg T uj 

g-j <^> tl A t 4_Jj^v 4_c_j_*_d 4_jlc I umI ^a LajJJ! (j\-xX IJuj cdJj 

♦ 4_1^». <Uiai fiLoicVI £j-a iSj^J J^l (j -a L^L-ul LLjjLj 

(Supernova 

4_j_}Lq J-Zr £1 n 51 t4x.^_c 4 jjI£ ^eJlI clijLstJ 3 j^Lj CjVL>- ^ jr a 

j) ^r < H ^jJLcu-c i^i£> * Cjj-g 4jI ♦ 3^-jjluo ^J1 JS^-glt-ia ^1 «>*Atl 
(jLa t»L-t^a.jJI ^-5c_Lll 3 jLo (j-° <_ajJaj LajJJ! 3j-<fcLIi tala 

. LaL^j a ^ U>^ Lajj^jj.co] 1 

tlgU^Lj 3 j_5e_a JiLo ^tlll £)La Lb^jj_jj_*_uJ! CjjJux. Ju£.j 

LajJj_Jj_<_u]| jLstfljl LL3 j JjlIj . jL^_l!I 3-ij->JU 4 jJlA1 mi a I Jl^j 

Lb^ j^_i^-<- u ^ ^"I 1054 ^L^ 4Crab Nebula Uo^<-uJI ju_u ^a Jla^_<_u ^jlII^ 
(jlj- Ljv - J5L:, (jjlc. 4aj-x-a 3_jjLc aJb^ 3 jLa£, ^jjluJI IjlAj 4£cjjLl!I 

La^ j^- 3^-<_uJ 1 3^_&LL5 elJ^Ju>. ♦ 4..4.< ,iil i^-lxjj I LlA t I LLaj-t-uJ 1 

3_ijj_SJI dilj^>JLI fjJs di^Ls. (jiutj cdllA jjSLIj ijjU Lujjc^o 

(jiiju l>JLL& (j^LIj *Vj j->-a JL>.V j^ojJ.1 jLje-ojVI t_ «11 n Jlj Loj . l_Lo 
.dJliJI J^l J& .ollnJ! ,Uk l^Jl L*L <pJI ^...a-tl 
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pLuoJI oo pjlc 
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(jiui jjLaii) oLmIII 


pI^^jujJI ■ ■gn’ilI j 09SJI 





L^Ld 1 


(27)J^ 


•er^^' WbL^ 


M4 





pLuoJI oo pjlc 



(MJJCS, 

SJsLS ^JLa <_gl ^1 Ue-c^lj JJUJJ (jjL>Jl (13 - a) jlA^JI 

•All 


M5 







^j »^*tl ^jLcujVI <-dlj.il CjJl>. ^JlSj j-a^l jl 
, CjIj-?c-o ^ IVr n ^jjscJJI jL> t_al mi*KVI jjfc t jj^JLI 

*3jj-j>JLl jl < <i i VI (jrt-c. LaIjj <_P-JI ^j^till <J^ 01$ 
(jfj-IaJI 3l 4 mi U LujjstA (sf Jt 3j-^lj 3j_>J. ^y-a T uj 
jh^ mi II Laj «4 -j1 i ill <-j j^ jl Milky Way ^-Ll.UI 
^Ua.<il I JlA j <^>r. Jj-se-o VI 4 j < ng Mill 4_c 

.^->«J jj-jJL) 130 (^jdl j-j-jSUI 

L?~^ jjL^e-lLj jl cixjjL^JI dJJLaJI ^lc c^l U~, ,,lj 

jJI jLt^Jl ^jSLII ^-u-olll ^_3tlt^lj 4 i_<Jj_5E_4 4^>»1j 

(Jj-TlA-Ij 4 jl_LJj£LII jLjJlJIj jLiJIj ^J_5C_(JI 4 jj£j 
llU j^ t 3 mm^Ij 4 ot Ijj j-3j ^pJI 4^LLUI cjLc.Ij-311 

^L^VIcjIjl^jJIoj^^I ai^l^jSdl j>>JI 
.^l^^UI pL^ll <j*j 
cjIj^»jli ^ .jySii a^,uVi oi j».yi ^ oi 

jLLIIj ^J^SE_<JI jJ-jl-A ^-3 ->iJ I^jL) L-SjJU ^1 
4(jL>.j)jjLi4]l j-Q 4_uQjJ CjIjJlIIj (j\_ujSLII jLuLIIj 
jjU*j . 3jLp» a j j^<J a j, "jUl i»^ CjVL%-o I^ii 
jl JlCI (J-4-42J Lc-J 43 j-U^ (JjL»- I CjIj_^_43 Jl>.JJ ljjj-3E_« 


147 




pl^gjwJI ■ 09 SJI 


C<-<.u_iJ Cj I j . 4>_j>L5 3 jLC t ^ ^ a X. 1A11 1 \j j tA 1 4 \ 4lbjjj L," ,,, s La 

^Jlc. jJLu ju9 tClusters j>j) i"i-v Jl>.L a->Jj ^ 1 «>>Atl ^LLlIjL 

Lo^-se-a L^J ^y-^Tuj 4_cj_aj>«-t I Lai . i-JaVT 3^ Mir. j->. L$_l4 CjI^j>«J,I 

j—tiu-c 4-uLaJ (j-a Local Group 4_LL>JJ a_c.j_aj>LU ^ < J 1 JiLui 

130 L-Aj, L> 4j 4 L hL h tl 3ljJ,l 4 _lL>J.I 4£.j_aj>JJ CjI^_3c_a J -&IJ * 1 j) <^r, 
3j_>Jsj tiljjj 1 4_u4_u_u <Jl!I I 00 1_Ljj^e-4 j La La-Lu t4_u4_L_u t_3J I 
^j_?e_Lll JJlC i h * (j-a (^1 ^>«J 300 < jr J! 


<—3^-LaJI (jr ^ L(Jj-3e-a JjI_3jj i4_uj_Cj> 4_L_u ^ ^_lLa j^t_b LlC Juloj t Luj^5e_a 
. 4-lL>JJ j_a->Jlt CjI^_5e_a ^j_a 

Magellanic Clouds LIjL^-u U-a t^jLujI LuJI oljj>JLl t-jjJalj 

4_L uu t 3tl 32 1 L> a) (4 _Lj_l^ 4_u_o <Jdl 25 1 L> a) 

. L^jIju a* 1 " a (jljj^JLl L)IaLfcj (4 _u j_ua 


Galaxies Classification til I jAi I 
(j-5!_aj 4_jl Jljvj LaJu£, t^LaVl 3jU-L tilLUl ^alc. ^Jl3j 

Cj|j->Jtl * A'thsss Lu Jo- ^5!_a I Luajlj 4(J-ULA c-ujjj B^jLllU 

: L^JSLcJ a , /.. /t l < ^|^j| 4 j^Lj 

irrigular (4 jj1 <>> nil) 4-orjLI^VI cdJLl - 

Spiral (4_ujjJL>Jt) 4_ui^ill cjI^_>LU - 

Elliptical 4 atMill CjIj^>JLI - 

/\8j t4_j_«JjJ Z78 ^ I ^ ol CiULua^VI JjGj 

4x.j_<_uJ JjHa-u Cj l^_>L.I I <>JlAj . 4-a-I^Ii.La ^_lC 34 */4 4-l-^-lL-LaI 

cj!j^>JLI ^j-c. L^j juu_u LfcUol l_^_La jLtluj / »>>Atl 4_LL^ 

4>JlA ^ic 4 CjI^j>«J»I (j-A CjL^ T c^-a 4 SjJaj 

.3jLj>JI 4-ujSJ! j>>J! 


(2U«UteJI) 

4_3jI£LJJ ^j_a 4jjl <>sj < ^ ^ a i L^JSLCj ^j_a L^_a_<-ul J-LL-uj 

tj-aJtJI 4 _aJl 3I(J,I a|j-AJ>JI LJLc. CjIj_>J»I 4>JlA L)‘3^-2^^ 
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slinjiII pijslllg _ H x=«JI oJUbudl 


L^-ll jLj-C. Ct^- U 1 2jUJL>. L)J&> 

. ftLlail ^1 L^Sj^ls L yi& I Q !'•«' jjJlc- adili-a <La-Ioj! 

j£j-a abusV 3l^j SjliliJ i_JS dsli L^jLi o!ja>J.I ajj* j_aa33 

i3l^g_LJl_i i_La_g>JLI ^_y^j -3J! Lai 4ima ^£ya (jig£Lli i t _ 7 -ao?e-Lll 
(j_jSLi (^jSUI jLil! (jjs 4 3 j~i^ 1 gII VTi SjLii ^^>0 <jj3 o,?^ 0 

(j_j£S aLujjls. £jj| tlilja>Jtl Ijja £_j-l1I I JJt . jlj a* < "Li 3jUJL>. Lagajd 
t. 11 n-^j jjl 4 -ijJS jjeaa Cr^i l-j>kj L° I jjj • (j’SHi^n jLdLJIj jLiJI (j^o 

Cy* jl Cy (j>i« jtlj <4^>.lj-a I g (Jjj LuV ii_3ljjcjV! i_il t ii->- 

i4-Lxlglll !jj£ Jj t^Laj 4_i I y (j I i j-o J_uL <nU ^j_a QgSLaauj 

3aa-Ul3a ^1 «LliJj 1I! diljasJ.1 . n3i~j 

jLc. L^J i U j -a-j 31 Miitl 4 jjJl>. dilja>J»l ojufc Jj_<_u3 

l. 1 1»j jjjcjs (JSLiIi *l! (j-od (jja £_j_L)I Ijla (jla 1 aijojLja 

-U.-.t l J C .M l I i: \<- 

.^IjlsVlj aLSJLaJtJI I j < a liJll^a iL^aLjeaa.! ( _ ;r 3 i M~V~ La o-a_c dslja>JUj 
I $ f.jLI 1.1 j -a_i jjJLS «LijJj 11I <ijlja>JLL3 ij^ejs (J^>- jjJj 3 jjcji 

LjjJij I jl lie.Laid! (_jjL 3£. oLsdl jjJl) (J,3j| Ljjjascji L^lllaj 11 g« a I g31 ~j 
. L&aljj 4_j_J al!1 11>>j I >. , tt i m~ u-&J (jJUAJI 1 _Ja3tl ^yz L^jJI 

£_gilt (jjs Lubj iJSLauJI ( _ r 3 jj t~i~~ cl)!ja>JLI (jl liiiil! a I a I c, (jautj iSj^LS 

LjLtJJ (jrS (Jjj-lj i3jVgJI 3 jjJ j»_ga*-L!t jjjs <tLal^ ic. 

alia Li CjljL^aul L,.,^ o' a o J_i ^ .>>3" o' ^ »>*" "a.' cLLla o < )1 i miTI 

.(JlijUl jaLa SLo. ^ <tLal£ 3 jjJ Jilaj ( _ r ^ i(ljjjjjjaji) 

dtL* 

IjjLSLa -a- i tl 3jLa tjjJ 3~nj aLaJLaJ! (jgaSLLil! (jl^ 
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pl^gjwJI ■ 09SJI 


JuiUju I t 4_3_l3j $.1Ijjs.1 L^j i_La_j_>u ■ L> 3a Lajj>u 4 _LjL aJI »La-<_uJ \ 

j l^-<Cu-u Lj jJjj £j| ^_uaj| Li,j * I JJlC. 4oj Ij ^j_?e_Lll £)| 

. j_«_uLiJl »1 <^>4 ^jstlll £ru ^sL>. ^j_c 3jLa (j- 4 ^ ^ 

^Lj 4jjJ^j (j jJLlIaj c!l<jjl>JI iJJLLiil ^U-lc ^±la 1 cGajJl 

4-jI Jl^II jLulIIj jliJI <j_a 4JLLfc CjLLlL < U miJ ^-still 

i L&j!j_2JL<_u! ^Jlc 4-j?e— iTu CjLaj-o-i 3 JlC ^JjVI 4-UjSLII 4-jL*- < nil ^4 j- ^L~ 

L^lujU. 4 U miIjj 1 g (si* ) C«-uj fU ^IjJI 33 1 mV! (j- 4 

.jVI ajscJJI I jSLifcj . ..4_t-oL>JI 

4_tjj^JI 4 _jL*_ojJI ^ CjLcIj^ 4^5t_£o 1 Mln JuS Lo£ 

(j_a^It£l jl Jl>.Ij <J^>* I J_u i<LjJLc 4*l!£ dilli t_j i^_l>» 

t L-uj) 1 n'a-a c-n-uTtSo 4 jLs ^>0 ^j^il33j LaJu£:j . 1 ^moU 

4-j?r j~ K 3 j!j_^>JI 0j_A LtTu-tJ j . 4_u3L>JI 4j 9LL jJ juj 4jjI^j>. 4^-jJ 

4_lL^C i^jJz-it-a 1 q • ^• * ti_jjL>Jl j^j-& 4jjL$JI CjIj jJI ^oLuaZLl 

tjLa ^<u (j_aj tOjjL>JI 3j-u£ j-«Vl ^jL 3jbj-3_LU cjIjJlII 

. 4 JLI 9 03 ^ ^1 43 LL 2 JI 

t4_4^lj^ll 4 _l>.jL>JI 4jLLlLd JJaj Cou ^jI/L^SLjVI ( jr 3 ^j?e_Lll a~ < »1 

3^UI Lot t is>*\ \ ^ ,>>• \ , t«> ♦ .>> T\ (u__JL3JI » CjIjJ (Jjltcj 

(jr lc 4 3 j4j 4jl_3t_<jj (^JSLtTu (jjlc. 4_Lc 4 j>.jL>. J 1^34 ^j?e_Lll ^_ ;r ^ 

. 4_Lq (J\jla Juu 

..^tui 

La ^-Lc. L^I^_u_u_3j (^UlLcuJ ^jj?c_LII _i^Lj_a ^C, 4 ILjJlj>J! 4j^J^ 1!1 ^jl 
j-uG 4 _jjjSLII 4_jLt_<_uJI J t4 j < .mIoLulU ^j_3JI ^_uLjj ^ a > nj 

j. j «»Mj t 4 -l--v j_a 4-L^-cu CjL 3 al Utl 4 _jJLc. Cj\ a j < l_JL»JI 1 

4_5tjL_aj! 4_u^JI 4juaiVI CjI gjMi^v ^j_a 3 ^-llSC] 1 j| JlC-VI ^SLaTaj .4JLLb 3^ 

4j > (mULulU lLJ-L-L ( jr ^ j_uGi! (j-a-j-u^L^JI Cx£>yi 
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pi jSUIg y *Jl oiULaaJI 


J u i Jl^Lj (jrU La 3_}U ( _ r ^ 

Lr lc t-<-aJ L7 HlI t4 jj jJI CjL^-L t.ujae-U CjJl^cj 4_3_j_a-C. 

4_j_3 ^-4-ge- T (j ^ jJI cJSjJl ^jL-Lt-uj t4jJjVI 4 j < hjULulU uLaj) 1^> 4JI 
1 ^ t »>*♦ < ,j_A 4_u^j 0 4_L>Lfc jIjlcLj CjI aj < h*>» 

jUJI a _}}Lj_a 4j1 Jlj ^1 ^LaSLjVI 4jI Jlj (jj* 

3^-jjLLe3 4 -La51j LKjKfc-A ^jJI 

jLulII jUJI t^L3j jKVl j^sLulII j)_A 4 UjmM 

4 3j 4J CjU_Ag>«J (j_A j)j5Jllj-4_uUjVI 3 j£JI < n <—SjjjlU I 

CjI i I U ~ a Jjl £)! dJli i J- ^ e- T iJI 4 j>.jJ ^ j)Uj-UJ 1 _uj_aV1j j^j^SLII <j_a 

(^u U 3_}U ^j_c 3_}jl_> 4JK ij? -A 3l_Juj 4 jI Jlj 

£j-a 4_Lj_*_a 4_Ll£~ ^JLa t j_L_3J! jj_A UK-A-i 4 UjLj JlcI^3 Jlv.j3 Vj 

. LjJjl Uj>o 4jL^_(JI ^USLi^L I Jl-uj 4_iUt_<_g j j)l ^j_4 jUJI 

4^11^ _}1_}j_j L<jJl_Lc ^USLjVI cjjjl>. ^jlSLcL jjKJI £)£LaAI j)K Ujjj 
CJL_uL_4J (jy U 3jjU i4_ujL>JI U*_a 4j>.jJl1 (j \j La 3jU 

U_Ja ^j^La T u ^pUS^I aLliI ijr 3 cjUjI cJUa cUU Lajjj . 1 $ t^i *) j_a 4.1KJI 
J-uaJj j)l I JK 1 ^ t4 _jL^_<_ uJI CaLI^IajIoVI 

kX-tj±j>- 3LtTuJ ^yjj (jl ^^_aj lj_A J1 aj-j1j 3" ( oVl 4JL>.^4 ^yJj 

. (j- 4 ^^4* Cy* 


j 

«L>.j^ Ijuj Jl>JI ^1 4_ujL>JI 3J-t-aj L«aJ-Lc. 4 jI LLst-C^jl Jl3J 

3-^LlU ^ jUJI jJ^Ljj I JaJLCaJI Juljj Jjl3j jLjj^L) 4_t-ai3lU 4Jb^JI 3jlj_>. 
3^LjjJ! 4 TlL£ t Lb Jo- Q^J,I ^stll! ^1 L^j 

4^LLd ijr il ^jscJJLI 4_uljJI 4lLkJI 4-?&-u-t^ 3jl^_>JI 4 j>.jJ 

jjy^ Lu-gtjJ 3j_j jL^lS 3^113 J.A-Jull ^y_d_(J ! ^_7ejj I 4JL>-^_A ^_a!u_uJJ . 4jJ 
4 _Lvj-a cJajJI j <'*>* UK 4iKJI cj^UjI UKj instil! jjKj 

4lLujL>. JUe-o 3jui» (- « 11 a) 4KLaj 3j.lKJI 4- 1K J1 JJ ^jstUU ^stlll 

JU (jK . 1 j i < »n ^J^Lua jUoJ t ^j_3JI 

^pLK-j^l CjjJlx 4jI JlJ ^j-A ^Lc (jj^tiA 50 ^LbtJ 4_jU t( j U A Mill 4JK 





pl^gjwJI I 9 Q 9 SJI 


4lj)u& LqJLu lOj^jug 4jj)j_lII CjLiIaaJI J^^LLaJ 4 jI Jlj 

0 Jufc t ^ 1 ^ <_Ls^-JJ 1 ^j_u_k2_J £_L_4U dj l^__C J-Hl3U ^-U-4-<-u-I I 4 1 1 

(J-uoj Ju3 lloj 4 * <ltVn4 »i <a Mill 4 T l 1t £ ^>0 La! 44_j_LojJI SjJLaJI 

. ^Ll (j^-iLa 4 j La-<-u_*J»- ^1 


Red Giants >*1! mJU*I! 

jJLj t4JL>^lj <U»<<M1 .sLjijlj ^pUSL^M ^stlll j. t tij 

(J^-Laj IJuj L_Aj t4j^l« 4 j>.j^ Q^-lLo lJu^j 4 _lL> . 1 jJI 4 jjIjo. 4_>.j_} 

Lh 4 La-c ep i cxy>-jj< Vj^tl jLc Jo*l) ^jJj-UjjJi 

(jjjSiSJI (j-4 ^ JlJI 3ji (j j-SLlj alo 34 ju>.tj LtPjL^J Jl».Ij (jj^pSLil 

•GlilAfcHJ oiiiHJ -^'i 

4 j <; ^ ^ 1 f. ^_iI>L(JI ^-5C-(JI JaO jUl ^jlod Lo lip& 

4jjJ CjI 4j < «*v t_j| JlcvI Ijuj (j ! 4j!j jJ 4 jLs ^j-a 4_pL£^ 

3_}Ljj ^1 AJ ^LkJ! L paju ^jlc. J^Lalll 1 Jufc 4 (Jjj>.! 

(jrU^Lc 3^ Mir. ^1j->- ^Jl J-t-saj ^_tI/l_Lll 4 _lL>. 1 jJl 3jlj^>JI 4_>.j_i 

(JJ-I_i CjJ_^_ j La_£ LaL^j tI (J£.L3 j ! Jljj Lufcj . 4 j^ fLa 4^.jJ 

(j- 4 J <<o3ll Lbwj.ti, L^£) (J^LalJ! ciili L 1 M ri4 M. 

j !^ Ijl^j tLLlLj £_u-J Ja ^Ld! ja^U! (^Ul V LJI 

.4jLp* ^Jqjuo da^>JI I Jub jlc. J-Ljj tI j-jLUJ! Jai>» ^1 

3j, mi r. cdM^u! ^ T l>. ^yLuj-JI jlj^luiVI I JLifc 

^Lj Jj_ 3JI L-Aj ^ 4jUI 

.(^jlj->JI ^LcJuVI 4J-L^ q _a Lj^>* tiJJL^Iujjl JlS 

j. <a"i i iij 4 C_Jl 3.11 J-Lc-^j l^->J 1 ^jjJl ^J^iLaJl ^jL-^J^JI jLaj ^l^pj La-Luj 

t^LLail jJ <^a ^yj^ljill jLajJI ^jJ (_>uJj ‘4J^x £-a^! *L1£ ^ ^LtJVl 

( j^l3lll 4jl/yr JJl * JljIjJLI ^IjJI 4_La_i_uo C-t_>0 4 _jU 

^j-C. 4 jLj^LI 1 t L-h_*_i 1 ^ 1 ^^ 4jljli (_£jj 44?JlA 

j-Jj ^yJJ ^LlILj 4_ujL>. 4^LL 3 ^LLlj 1 cdJi c_*jjlijj 4 L^j I j I j^c 

(jylJl 4^La jJjV! cj^LcL3j 4_cj_<_u 3jL} (jy-L- 1 JlAj 4c_J_3J1 3jIjl>. 4c>.jj 

*^?eJL *_Llj_>JI vUaid! ( _ r ^ ^UJ 
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pljsUlg >0AJI 6JULoaJI 


Jj U1 ',i\ 4^LLd jj^Zl£i 4 ( jI»La£jVI c_Jl2J! |Juj Jl>J! IjlA J lie. 

<>- t [^\ j-jjIj JJU2JI ^J| 1 U,>>"j 4_ir>.jL>Jt 

^-5tlll c_jI^iimi ijy l(il 4 J 3 LL 2 JI J^LLajtaj «JVIjJI 

p *>■ I 1 1 <J5C_UJ 4jL) ciJJj I \ *"\ / jC <p ^ . ^kJ I ^ t«s | ( a N j m 1 ^ / 1 \ 

p^c-lLI 4_l>.jL>JI jLLU! Liajlj ^i-LL 

Juljj (j_A ^-<_u I «L>.jJlj ^Ial_Ll.l ^JlA JJl4J 4-Cj_4_u 4 3JljI jJI ^LsLLaJI 

4jV 4-a-U 1 n 3jIjl». <L>.j.} J-3j (jl u*l <- > 14 3jtj^>Jt <L>-j.i 

4^LLd 

pj 4^'jlVJI cr^ La^>* pistil! Ijt^J 4-3e_u-t^ 

4_Lvj_a J_usj Ju9 4_JL>JI oAJt jIj-a-^VI 4_j jJ JuVL 

. (j_^_>JI 4_UU_*JI) 1 Jilaj 4pjjstill jj_Ioj 
^J l p_5c_Lll ^111 3jIj-j>. 4j>.j.} 3 V n 4_3 JLaaJI 4JL>.^_a 

i^y J_jLuJ! • V. V ^£, pjJtlll Lo JlIc. 4-lLl CxjI^ ^jJI t 3 «✓>* 11 ^j-A Jjal 

4Jj>*j_a jjfcj 4 jL^ ^£JlII 4_a-5ej». JIILa! CjLLa ^]\ j^LaluVI p^still IJujj 
4 T <J T t^ ^1 Jljju j»a^>*V! Jj^LajlJ! LaSta < <mjJl jjLuJI 

4 i-Lut-a Ijuv c_JL3JI 3 j1jj>. 4_>.j_i J_L3 j-a '^I 4jL$j t( ^aJ_3lu 4 -lLq £)! iflt-O- 
-(Jr^JjjLt^JI ^LaJljI ^jLj-p^oi^jl jLaj (jl cit- LV J-VT 0ju^ ' Jl-U 

^^>.1 3j—a I jij ^4 4_3jL_uJ I ^y_<_u_ujJI j_jLnJI 4 _Lvj_4 lJiLVj j^jJI 

cr^l 

44 JLVI Ju 3 ^j_>.jJlI 3jUI jV- j-jju pj?e_Lll c-JLs £y£. ^IuJ I J_jj 

^ 3" V" 3jUI ciJJj ^1 4Neutral 3 jljL>JLI 3jLU_j c^^ju La ^z-u^J 
jljJ.1 (j-A 4 (j-C 3jLi_C l-JLaJI 3jLa 4jj jJI CjLu^jJIJI 1^j4 

. 1 ^ i>**^ ^a 4-ual^Hl.l 4 _jJjVI 4jjJlII 

4jjIj^>JI 4jjjJJI Cj^LcLalll J^LV pjseJJI t_ 4 14 ^ 4^LLaJI ^Loj j a~< i .nj 

Vj 4C-JS1I aLS! 431UU1 ^UaJI 4 ^Ud)?L 43^a3m,U 

4-t-AiLH 4 ?Jl_a j_a J_aL»I]I jj-A pjjeJJI 4 a! Utlj ^j <>>ti £_tHij ^ull a 3 .U11 
mi i p_5tlll <- «i4 3 jIjj>. 4^%-j^ ^LajjI 4_3&_u_lJI (jjSijj 4 4lLkJI ^j_a 3j.li5L1I 
. 4j^1a 4^.j^ o^La (J^jLaj J-i-^3 (J^La 

lSj!^ p^4J! JVaj 4 3j!jj>JI j-a 4_>.jjJI <>j_a 
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pl^gjwJI ■ 09SJI 


LJu-Uj , j V 1 ^L3j 1 1 ^_ual_Lc ^Jj Vj^Ha 

^-Ujul jlj. 4*t I ()1 £-AJ t UU* 4-<-tfu I t^yz 4 ^LLd Cj^LcLflUJI 0jjt> ^yC. 

(-3laL>JI (j>najJl) _J ^jjjlgll ^LcJljI ^ 4 < njj . jit£l_3 jf£l 3jlj»>JI 
4 j < M itL CjU^j^JJ j, a~ < mj ^Lajul £)V cdJij t(Helium Flash ^j_ti^Ji 

(_y_llj^>» ^LcJljVI I Jl-A j 1 »m 4 Lul J)'i 111 Lai t^>Gl! ^-?tiJI 

^jJI ^jseJJI j of. 4_la^>J VI j-lTl.»J V 3jJL3JI 0j_A VI t^Lc <_3Jl 
ij g~ t 11J (jl V £aIdjJI I JlA (jl LcL^J ^-tlsljJI (j-AJ »(Jrt < < nil (>u}LiJ jJl3j 
l£*-^ Ju>JI ^1 3jlj^>Jt <L>.j.} £)l Jl*_l 3 tj, g~ < 11 J V LL>. j_Aj 

. La 9 .^jlu Cj Justj Ju V t4j^La 4^.jJ Q^->JLq 350 ^Jl y>- 
^LJLj 4_^jst^ jl>*Lj ^yl^ljJI c_<-t5jJl!l jlj.3*miVI ^Jlc. <, m > > 1/4 

<_y-II ^-3cJj| J £)l Juuj .duiifcjj ciili Juu ^^aJLSlu jLjijVl 4 jLJL 
^5 q-a £j_<_ul Jju»_4J 4 ~ 1 ~ ^ Jl_3_3 Ijuj ij_^>JI 4_3JUji]I 4l^j_c 
(ji jJj ♦ 4JL5LII jl 2 ^j ^JlI! , ,.tl 4_>.l < na 2^Lj ^1 Ij_a <_ < « Mill jj 
(j! ^j-S L a-ll ( J-a 4_jl_3 Jj>~ ^]\ ajseJJI <—<la i _ T b Cxjuajjl 3jlj->JI <L>.jJ 

^_j_uaj 4 - Iaj> o Linn Sj-uu-iS CjljLfcAjI ijjz La 4Jb^ J <? a) 

4li^ jj-o I jl>- 3j_j_i^ 4_ui^ f^-se-^l ‘-JuLdj L4JJ j I * l^-stdlLa L^>o j I Nova y 
L^jL ^-jj_<-4j ^ 4 ' mjj Laj-ljjLj Jiua t jljvIj JjLa jLcjLjI J>U. 

. jLcw J5LAj I j y * U>j j? Supernova 


Betelgeuse ^Ijjj>JI ‘lajl ^>«-> ‘U3^^ 4-3JLa- t J' j-^ul (j-*j 

i\ uj-us 4_u_u 1600 ^yJI jJlSj 4^L_u_a lie juljj (^jJI tOrion jLu>JI 
4jI . 4 Ah4- za ^£) JJl^Tu Lu-<-uJ JjL ^ljjj>JI (c_xS[_L<a) clajl ^_La_i_uj 

(jl jJj t LL.u-^-tti j-I^ Jli-c 3j-o 350 (_yi !oj U 4 ^Lj JjLa ^>0 L3^ 

4_»_t,(j-T(JI c-t^ 1^5111 Cj^t-tTJ i4_Jl^JI (jjj-s-tlJI £-t^2>yz ^^c_Lll ljufc 

. 4-Lt.u.^-tfuJ I 4^. I ^ylJ I 

4 < < o ^jajV-4 5 Jljlj H>La-C 1 <>»jl ^ j /^«. -.4 Mill La I 

t^^jjJu^JI {jsz LfcJi^j sWft. .n La JlIc. tilKij i(4_u-o Q^-iLq l^VT 4 < n ^-L) 


3Ll>JI i in i <i cJajJI I JlA t^lj^>JI Jsajl (j^ 16 ^ 

• L4JJ ^.u-^-t-uJ I £ 1 1 < 3 ^ VI t- i3-3^ 

j 4~( (tij ^jl J JjLtJ t4iwjir jMill 4JL>.j_a ^J>o *ljjj>JI lLj! ^jl 
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pljsUlg y *dl oiULoaJI 


o_ajJI j_a i-jytnj j-A>j *4J ^LJ! (J-jlSJI jlj^vl a L, ,.l j\ sLl>J| 

.oJjjaj J£ 4 _l3 ^JlII 

. S4jLo* 4jL^j j_a c_Jjj_ 42J LaJiif. liajl JlLa ^jscJJ CjJutJ ^ jJI La 

4_LL$J! <Lu jL>JI Jjl^j^_? e_Lll l -As4_SiLa_*JI 4JL*j_a jJuj Laj_Lc 
J-cLij 1 Jl_lj jj_J»-I j 3j_ILa jruj 4 4JL».jll 4>Jufc (_^a ^j?e-(JI ^ jr L- jia-u.uj ^^lil 
j^Tt-ia . Lujcc I Jln. ^seJJI L-ila ^^^a 3 j!j^*JI 4^.jJ ^Lj LaJ lIc. Jlj Jl>. (^jjj 

(jj-jL jj_}j_£JI j^*_4_4i£jlj j>£>£ Lr^l 3' 

j-uz-Lc. ^1 Cj^LcLllil j_a 3 jJl*_a 4 L m! in Jlaj JjseUj IjlAj tAjj < h rf.Laj 
. LaLL jLO-SCJJ 4 ql Ltl J-Lul t 4±.t_L>. 4 JujL>JI 

: L^».juli j£Lo_ia 4j_a^>JI 4_3JLaJiJI 4JL>j-a 4jL$j ^j?till jjlaj J-u-^Loj Lai 
Li I LLaJ_a j ^ I 3~ fI Jj>.Cj j l__Jl 2 ^a jjjj 4_u jL>JI j Li 

4<L£>1 L> IL) ^a-seJJI j^j-a jljLaJ Ij^La ^a-still J^IaxJ! jl£^ 

* rt-2eJJL j-ol_>iJI i_a^L*JI ( J_3 j ^ If. al_3_iMJ 4 _l£^ 4j>.j Jlj L^>-LLa 4 _l3_lj 
j-£j-a I Jl-lJ '3 al L> tl ^T(_u ^jJI « aL^jl -ijjsr aj4 I JlA j_a ^CjJLj 

♦ 4- L a To JI 43 jL^j ^stlll jj-Laj j g~ t njj j^l-oTi JI ^oj?c-<JI 

White Dwarfs iLamJI 

4_L>j— a ^_a jJI I Jl-U- j-A-u-uil j-u ^La Cu_alj 3Lo* Juu-^jjse-lII ' 

Cjj_gla j^o-ijI 1 mi» ) L^J jLitJ JcSj iCj jll 4 JL>.^-o^ jl lAVf'vVI ^<U t4j>>J Mill 
.gLiaajJI ^Ij^VL l^jju Lg- t a 

^j^>\ y«tl j| t 4_u^L>JL^ jGj JI^j La 4_iiaj ^_ojv VI ^^LaJtil JlU 

4<?j-£j_a ^_^_a (J^-Loj CjjjLstJ ^ a mij t j-^V ^j-a lJiSjIu 4JSJj 4_j^ 

^Ljij ji a "< mi a J< mm I JlSLa t j-al33JI Lsellla 4_ujL>JI jjI j a~ < nj J_& j£Uj 
(J-a-ftJ 4_u jL>JI <jr\j ^lj-us ^a j^aitJbj L^l^ ^J?e_l]l SLjv 4 jl . S4 jL^j 

J La J_cf.j 40JJL4J ^y-lf. ^J-aLc. ijr A ^tJI 4 _jjj_lII 3j_3JI j\Jj 44-4-0^133 ^-Lf. 
4 _jjIj-j>JI jJ-3JI jLa 4j_gj>JI 4_3iLa_*JI 4-Lvj-a Juu 4 jLjv 4jL^j ^oj?c_lII 
. 4_u!iL>JI j_a j_aVl 4 jL^j ^a 4 £jjl 1I j^aitJ 
Lg-Lu ‘r I »>> Atl C_> Juia Ji2a 3jlj->JL ■ LI 1 4_aj^UI 3 al L tl Lai 

^Jtlll c-JLa jla«aj^jJI» aL^IL»l aj_5txjj. 4^L_<fu 3jla L?ej>.LIa ^5e_Lll jl^ 
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pl^gjudl i—jgiLjJIg Q 9 SJI 


4 j I » tl ^ ‘ .U* <>>tl 4 _l^>I 4 (jr aus^3 ^JlII Jl>JI 

1 Ml ♦') ^-5e_Lll I Juu (jJLuk Juu I JlSLaj 

Jl_ t-^aj cy ^bl LjJulC ^Ull 4_Lu2aiI ^_usl_L»JJ 

(jr-IjVI CjLta^eJUl Jl_La 4_JjLo (1)^ Jl-l^JI 

t <L$LkJI Jl_lJj_j t ^ ^>>j <V1 4JLvj_a ^J1 ^jse-lII LaJu£,j 

Jljj-lj 4 j i 4f, ^eJ-JI IJuJj OjjSj)) Juu 4 jV tilli 

4^LLaJI (Jj Ct 1 <n V 4 jLs 4^LLaJ| JlJjj ^-Ll Ijjlj9 JlJU 

U \ (jr ^ ^1 9 m»V1 {jC. ^-5tlll J-U-4J Jjj-U LaJlJuj 

(4jjIj->JI 4_»_iioVI) Ccxi 4_*_co I ^ 4~ < <ijj t4_ujJ,l CjL>.jJ,I 

^1 t MtVl ^j-C t4j^ Mil II (Jr1_*JLj Lfcljj V 

Sirius (B) 4_ul_^_JI » Mill 4^1 i^y^-u I Jjlj 

a^LuJ! » ni II jJljj L^-Luj Canis Major j— l£VI l-JLSJI 4_iSj£ ( j_c 
Li_4j_5e_IL<_ol llil 4_jJJ LjjJaJ lil frl 4 < nil 

Binary o-^ LaLlaj l£JI_La ^j! < «4 tc-jj)^ < nhfl 

i I 4-uUJl i^£j-*-tl'g] 1 J_& LjLjJs JUoiV! ^-^eJJLb . 1 ^ ^ ^ J_>. ^jljjJu 

4 3j4j (jl (—tXu-saJI (j-«J tt-jl I Mill dAs>*j-a ^_y_<_a_ujJI j_jLHJI Jaiw 

Ju>Jl tl 4 -u L ^ - J' »<"ill ^-still £Jju3 (<—i 4 -u L ^ - J' ^jjuUJI) 

dc^L>. ^Ljull ^1 4jj_uaj tjr LiAJ ^JlI! 
j-JlS-us 4_^j?e--v I i<_J 4 _j_jI_4jI ^J-ud (- < u n 

JuLcajl JjL^II c U » ,>.11 C.<-SeTt^ . J^U> jSLdaJ 4_<_uJ lSLo 4jjL« (jVj Ijj > (I 1 


3jjJI <->U».>><lj t4jjL*JI L^H^LLs d>Ljj)~ < tio jj-fl ^ylc. Cj_4£.j! 

-c 3 ‘ ^>> c>« L^3Ljj>^il C^Jpjs! 

<- 1 \4 3 ^Lc Ci U» 1^1 il lLUjljj tsiLiaajJI 
3jL« tj^a L-cJL^m J "1 Qjj L)J^ o-^j ‘(J^ L^J s-^i^ 

• ai= 6-« jv^l 
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pUcluJI pi jsUlg jjasdl oiULaaJI 


^-u.^31 j I 4JaJU-*J! 4 JLvj_4_j <_J 4_uL^_jJI 1 ^->0 JlU 

4_j_oL>JI ^-t-LLsTij (jl 4J 1 >.j J La^3 j_CdL>JI Cj3jJ! 

^-3e_tll £)^-al jiiLs t<jia_uVl ^djL^JI 43LSLII Cy*^} j-4jJ! ol ^4 JjL^JI 

i^Lua^jJl ^tj3V! £yz j a i<~>\ ^\ (j h 4 ^ n Vl <_J 4 _jjL^_JI » Mill 

JsaJLtiaJI ^ 4 < hj-4jjIjl>JI 43LLaJL 4^^_c 4J ^j-o-J-1 ts*> (J-ujLcj 4_l1s 

J_LtHJI 4_1 L>. ^ 4_u^culll Cj^Lv J3j Degeneracy Pressure < _ y JJbeTJI 

Luj-u V iZjjJlJl 43 L£ 4_1L>. ( _- r 3 SjULI L^JlIc 4CjLj^i£LI^M 

CjJu>o ^iJI 4 _LjL^JI 4_3lf£LIt tiJJj <_ < i I U ) <Utf4 £>£LIj 4jjIj^>JI 43LLJI 

.3j>UU 

V t_j 4 _j_jL^_jJI Mill ^>0 3jIjj>* 4j>.jJ £)l3 Iji^J 4j?e_u_t£j 

V L-tiSJl <U* <>» ^jV 4 TJTiSLj - tM AW VI ^^lc, Ij_il3 Jl^J La ^3 4 1^-0^ 4_j3 j3Jj 

:£rLLalc jL>«jI t^yz ^LUj 4 4_ujJlII JJbtHJI tU* <>> 3 j3j .3jlj^>Jl ijr ic Jl^Iuu 
jUil ^ .cjLj^J}LJ Sj^UI oUuallj^li^utl fl^SU 2QSU1I 43LSLII 
!j\ SJlcLILo CjIjJlII Jl^jj-^j 11 4 Mill j^j-a ^_y3 Jl>.jj ^JlII jIJlII^-^jIjlII 
4_Jj_ 5C_> i _ r -^-3 (j_OJ 4 I ^ CjL 3 L 4 jj.il (jy> lj-u£ jJL-tfsI L^L5EJ>J 

<JJLtTt.ll jUlII ^_y3 Lai CjIjJlIL 1 ^ *1. i L> »-^>V 4j?c--lU^ .U« <>*tl 

a J!Uj ^ylll CjLj^TSLIVIj 4 4_<jjJlSL« cjIjjJI £)L3 Degenerated Gas 

CilJ_A C< mi j I 3 I Jl£k_ 4j_ju^ Ji^JlLl^ ^3 a A < ^ \1 ~ n Cj jJoj 4dj jJI 

^JJ 1 ^ <<^1 J I 33 jl 1 ^ <>>l 4JjUt_« 4 j| ^jL3j i _- r $3 (j-«J L^_Lu CjL^Ljjj^ 

. J 3 I 

L>oLj ^-u-jJ 4 jI j_& 4^tb-l1I jjJ^j ^Lul ^3 JL^TlII ■ t*>• <>*t 4 -aL^JI a A 

O-JLjLjjI 1 4 I 4 4jUlJI Cj!j3 4^jj>- Jl^ Tu u ^dl 4jjIj^>JI 43LLail ^yC. 

. <U» <>»tl jj-QJ iGJ-ljjJ 1 ^ CjIjjJI 4 £^j>- Cj^|j>jl 3jIjj>JI 4j>«jJ 

a_j^_>. L^J j_3jJLj V <±x_j_3t_j 4 _<jjJlSLa cjIjjJLs tU»«>» aJL>. Lai 

. 11 ^ 1 ^ ^jJojuaj V ^<u ^j-aj a£^j>JI 


^ ' a ~"- 1 <- 1 j^ jiJi jji i_$y 1 jSL&j 

i3_jjL*J! I g'^LL oLjj)"i 1,1 a (_,-1-c. >*■ o r.jl oU_j j pSLIVL3 
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pl^gjwJI ■ ■gn’illg q^SJI 


* j 1 ~ ^ I J L^jIj_j (j-a L^jLj^pSJI C^JjJal clt-LS&j 3jjJ1 <-»U» ,>» <lj 
^Jl-A (JJLa . lJi_u£ 3tP- 4_JjVI 4 jj jJI oU_u_uoJI d<-<-uj£jj 3j jJI 

(j’j—LlI L$_j_a r< U ♦ <>» *il c.<- Ljv *3 jljL%_ 4 jl 4 _jjLjo. 3jLa ^-a-^lj cjIjjJI 
t L^jo. 4 j^o- <j_A cj jk_3a L^j I «LvjjJ 1 ^ «>*♦ < ^j-* 3 ‘—jj_3JLj ciiDj^pSLJVIj 

^J_3_II CjIjjJI J£ £-Jj_a J r.l Ju9j . jUJI L y^\ t^-v- 3 jLaU Juu 

ijal j! (_^JI <-«la 3 jLa <J£ Ci <<>jCi i_lUJljj *(jia_uVI 

(J^lLa ^1 ^>» 4lLu jL>. clot jjl ^LdLjj i<GaL£ La J W< a ^jstill jLt-aj 

t4_«Lc 4-3-^aj CjLjjjJSLlVI 4_c.j_<_tj ^j^-asz-u lillj CjJu^j LaJu£.j .3j_a 
4_Cj —uj ^j_A I Jo. 4 _u^_3JI 4jjL*JI 4lLc^_<_aJ lL^_^3j-4j^_». ^ »>*• * ^Jlaj 

♦ £j) ij^ll 

3jLa 4 1 Jo. I j <^-cjLjj^p£LIVI pk* ^ Jlajj 

-(jrlJVjljjLt^jl ^ajLUJ 1 4-t^liie-LQ 4_Cj_4aiJ (jl L^-lic ^Ct-TfeTu fU (j_AJ 

c_jJl>> c—<—t-t-u-Tuj j~U...tl ^Jl <Vl ^j_3JJ 4-LtSLIl ^_a-CjLjI 

cjLjj^P^LJVI ojjt ^ fc>« a tCjLjjjUSLI^LJ 4_3JLl>Jll ^jJJI cjLjjjj^j 

^j_A J_J_a (j_« J jVI ^j-3_II ^JL$j ^jJI ^ jr ULreI<JI JaJuoJI ^jl 

( j r ja 4_jjLa j jVI ^j-3JI J^aLstJ ^ jJI j_Aj 

LaLa-» (J_3lu_u_4 JL^rJI <• «>> jji cit-p>j .4_ujL>JI ^3 Lj ^I/L^SLj! ^I 4_c^L3_^ 

J III 4_jjI^jv. Ci ts\ a V il 13] j ^j_3JI (jLa 4 jjIj^>JI 4^LLaJI (j-C- 

Black jij_i_u! ^j-a m ^- 4 VI 4 _jL^_j ^ jr a^ t4^st^ o^3_u 11^3^^ <a 

^j_ 5 c_Lll J_A jl f -1»^311 jL«liw ^ > ti-v tDwarf 

«S»1 i^j i ^l^al ^1 L^jLp> 4 jL^j ijr a 
^_5 c_<JI 4_)u^ Cxjl^ I jla t^l juuj V (j\ju* Jl>- 4 J JLeTJI <U« «>> ^ji llUj t^L^ 
Jljfj ^'jlSLuJjjuLi jLstJ <—ajju La j-Aj) «i a Mill 4Jb^ jJu9 I , 4 ^j-o j^l 
I 3 " ^_La_ 5 (j t J_L^J I da • ^^a ^-jJalL-uJ ^jia i I ^ 3< ^ 3" , ,.j | 

t jij-<-uI I < ^_j_uaj l_A-ijj jJLial Jo- ^Jl i jIu.<S-h j^a 4 ^jjcJJI 

^.j-3^ 4 _jLj_>. ^ g m (jl Jljj-j ^jJI ^-5tlUa . ciJLl]| <_jLJI ^a «l>.j-<Ii ^Th r» 


JI^I^LJI(I) 

ul <LlLi (jilal jj-aj Jl>JI I jufc ^1 
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^j-a Jj? tj Kj r J jJ-jLiu tjLul 






pljsUlg >oi»JI oiULaaJI 


Jl_>- A 1 | 4_ll£ ^j_A Ij4 ^JJsl 4 -Tl.IT^ ^ 

^ p *>■ < 11 ^ ji^t_(j jl£ ^_>. I ^LSLcu ll! 1_La ^ I I jui ^_a i ^ ISLl^u 1^ ju Lti 

4JL>.j_a JIUj (^JlII ^eJJl < 1^> c \j 

. cdj^kJ! 4 jLo* 4jI_£J ^j_A <_jjZLdj La JlIc. t^jJeJU^_uJ,l \ j~a ^j_a 
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pl^gjwJI ■ ■gH’il Ig Q9SJI 



I - (4_jjl_tJa_u) 4 j'srjlji A I Ojj^-a : (29) t j5LtTu 
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pIuluJI pljsUlg _hx=*JI oJUbudl 




pjjVI jpjsll c& PbjLLa (32)JSLi 
SuijVI 2^SLIIj (<_. iuiUJI 


161 









..wuj*l? £ia4t 

g-L^-lc. j_ij>ij JI 33 Lo 2j-jl« 4_uB^jbllo ciJLufc 

j_j_c. tj-UsL>JI cJajJI tjy lL>. llULAJI 

3j_aLIo L^jJ . L^jjjl^ <_ 1 imi Jl^c 

3L^_S jy * 'J LoJllC Cj J _>0 ^Ull 4 1_3ijjj-jj.<-uJ 1 

^-stiJLa .j-^>J! 4^J1_4 jlII 4_L>^q <_^a JiwjLj (jl 
4 4_ajj_<_u 4jjL%HjI 4_Jl^_£. ^Ic. ^Jl3j 4_JL>JI 4 ?Jlj4> 

^ £j>-* 4Hiw4 JL>.j_a L$j 

^jLoij <Lj j-ti/ ^_a j) ^ a ^Juo <jI l_Ll 

jJL cilljL^ 4 4 _lJLl>.jjJl_l^JI JjLlIII o^MLI 
jJl^ tjLj>.lj ^-se_Ll La< m II 

• ^j-o^-4-tIui 1 

3J_l* 4 _ljjJlI! 4_i^JLaJ| * ^ a 11 1 ^ t a> ^ ^**i, 
cjLaLLs ^-Juj L^_jaj /, U, ,.j~ 11 Cy^-j-y-u ' 

(J-U.4-CU 4_>«jL(JI 4^LkJI ^jL_aJ SjLlJV. 

^^a lO-j J-3_a t l_L_u^_j, 

oUdl 

4_l^J_s ^ a | ^ 1 . < ) i j 1 i A1 1 1 t^s ^ jiaj 

(_yjij i lajjJI ' !j dllal 1 LajjjjjjjJI jjjs SJljSi (JjS? 

-^jcill 3jLo (jjs sjjcj »1 I>|311 t-sjjjj diljLtaj! 
|J^3 ^u-(_yjliiJI Ji^intl 1 i-a- i^ijTj (3^-“ 
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pl^gjwJI ■ 09SJI 


. <d ^ U" ) a Cj ^ If. 1 ^ • 3 %• \ ^£1 lj_& pluj t4_ulj j ^ '<" CjVUJI p ^ 
4_JL>* Lai i4_jjLa ^j_a j—lTl^LII JlJLL V L^j-lII jLse_3j! 4_JLv pjstillj 
. aL^iiJI LaLaJ 4_jl_3 I 

S Lsjjjl cijj Jl>. L.XJ.U-U J_A La-3 

jl <1 a Mill 4Jb£ j JuS I , 4 4 TlL^ cJlL !5l (jJ tJj-S ^j-a Lbt-tlojl Jl3J 

pljjsVI 4_L>.j_a 4 J[^»0 ^j-C. lP * aLlUI J 0j-u-a_a £)L3 * ^Liia^Ii^l 

. La jt l_3jj jLse_3jL 4jLp* ^ jy ^_u JlS Jj taLia-uJI 

3jIjj>. <L>.j.i 1 JuJl>JI 3_}La 4_Lc ^ILu pjstill <—<1$ J£,L3 jJL3 

^JLc 3 al L \\ ( j_a 4LU 4_j_a£" LjajI ^lTuj j 4 Luj_3j 4j^1a 4j>.jJ Q^LLa 2000 
(j! Jl_j V I_LAj .al t^3tl ^L>oLj tp-5tlll (j-* CjLjjj^u JSLCi 
( _ jt _3 3jLjj I Jufc ^j-C. gTujj "»■ i 3a La p *»- «>»tl pjaeJJI ^ilaSLu 

La ^^l-^vLLa J< miJ-L$-CL ajjI £3 Jll* 3 tpj?e_Lll c-JLa ^ jr 3 3 j!jj>JI 4j>»j.i 

IjSLaj t4-L-la ^liLlu I ^jLa 4 j^!la ^jj-jla (_sVI 4lu_o ^1 4 juj I (j\j 

. JjLfcj Ly->-LLa J < mi i <J£ jL^Jj 
aLu j 1^-aTu-u' £)L3 t3j^j-a 4 j>.j.} Q^- i ia 7000 3jlj^JI «L».j.} jJLj LaJu£.j 
^-t-ssLuJIj JuJL^JI JJJ^Tl-1-3 .^j_uSL*Jj 3~ f I ^Jl c j3,>JI ^j_a ^-Lc^LjlJI 

^&\-u 2 l 1 a\ 4_u_u5L*JI 4 j I a f■ £_ujj tp^LLfc ^jj 4L3MI 

Ij. L ,>■ n 3L?tb d ,,,*\ j_?cj p A>- <>»tl pjjeJjl cillj * L^M-L1 ^j_a Vju 3al Lit 
,4-u^m (j\ '1 Mill (j-u^La J^LL LfcJJu ^3]l 4^LkJI 3jl »3 1 nl 3JjL^-a ^Jl 
LaLaJ ^r 33 / a ^jjJL cLj jLStJ ^ jJl^ 4<^>.Llaj jLl>- 1 JlA ^ jr Lc L-^pJJ 

. 3_}Lv 3JL l_c3j 4_j Cj Jl>.| 

<4_l>.jL>J! 4jLiii. CjI 3 «U i 3^^il 4 jjj>JI J^-Lalll ^^lla ^jl 

CjL 3_J_L p si t 3j L J->J I 4-Tl.LJjL>. 3J_js j_jJG Cl>J (Jjwl jJI Jl_U 

^j-a ^1 ^Ju^l aL<j| i 1 <>>♦ 1 1^ 1 j_a (^1-ge-taiSjVlj 

♦ 3jLl>JI L^j yki 3L^ pj?e_Lll {JT £i a j 3 r, 11 4 jjj_<JI 3 a! Lll pj . pj?e_Lll 

t4jj^L^ 1054 pLc (cjjukj_j<) I JjlIj 

l_Lc. jul^j • ((jLLj-tjJI pjju_u) p_<jjl (jVI LfcjLT JjUgjj 

jl **• 3 I ^Jju jjubj 14_u4_u_u i_sVT 4 -»-l<-u (JLL^-<-a]I pjJu_u 

4* ini ^jJI dll 3 J_t^ Cj Jl>. Jj 41054 pLc j_aVl 4 3j3-v plu pJ 


16^1 




PS?* 11 


(jf j_4_j VI i3j_Lji,l 4 _u^SL!I 3j_&UaJI ojjt 4jJj ^tv,,..' j<sJ I iKt i^Lc. i_aVT 
i(4_uli]l ^1 j£ t_3Jl 300) JSL 4 JI jLjejjjVI «.jds Jj^sj 

,j^o l_j>3 £y\ * < in dij g~ t ..I i»l iN3tl fjjs 3JL>.j Jlju SjI^-lII (jiajVl (^l 

J>3-L> Ur* ‘- . 1 ! >»~~ Wjl Sj^fclii ^ i. .j-a-»t l e-ur^l J*lj 

>.S » t\ (_^jJI j-jiil ^LiaAll («u-aj>JI i_d!3 iNeutron Star I 

l^kLuj i^llnll »1 gif (jiuu (j! iCij°ijHll 4 <1 tViia dll iN j b 

JjUJ *o^>' cr^ ^3 dl_L3K frc. 3j^L^ dljLiVI d3K 131 

.Lb JL^sVI 

<_yJl (4 '( *x- Mill J^LjlLc) C*K tfM (j! 4j-iL*Jl l—SjjJiiJI tjr a 

<__aj^yl3 C<-x j 4(4_L^fc_tiuJ1 l-JLjj) (4-L^-JuiI c-xjv-j_a) j 

( _^aJLS3 (jla 4 La jj^jj-<-uJ 1 4JL».^ya ^a ^jse-Lll ^^2*3 ^yJl 4 JjL^J 1 4_uaUJl ^^a 
4 Cj!j jJ! (jru La <_jj_oj (^jJI 4^1 * .< til ^a 4 jLc ^ya jujiAJI 3aUt 

. L^jjLa Jyr i nit 4_uj_L>. 4 -Cj-<-uJ <. < 14 41jL^J 1 JiiSLII ^Lajulj 

L$] jJ jjj 414 ] 4 3/^M-C jjJllI l £\jj (j- 4 l_jj3L3j CjLjjj^LWI (jl ^1 1 JlA 

CjLi jjjjdJI j_a J^LilJI I 4 ] ^_uj 431 jJJl ^j_a L^jljJal 4j?t_uj 4_Jl_c 4_aLual 4aLLa 

.31 jill 4 jjSJl1 

4_Lst_4ii JaLjLj ^yJI (3ljJJl t <n ^yJl) cjLjjjjj-lII £-a ^Utll^l 

^^1 1 4_l>»jJ.1 4_bc_4!uil j_a 4 4_JLt_uil CjLjj^IiSLMl 

jj-Jj-j-ti I aLjaijl ^1 ^al (J-cLaHJl IjlA (j I I .4?^ Mill 4j^l_au_a CjLj^j^jj 
(J jjJl ^1 Jjj^lll 1 JlA (^ajj aLiloJj 

^LlitjVl 1 u- 4 dy 5 

4i^ LjjSLa ^^yJ^J^j-Lll f^-5e_Lll LAaj 1 jSLifcj ‘J^l 3jLil 4 T ujL>Jl 

4 4jj jJl CjLcI j^aJl ^1_3IL>.1 j CjLuiLaSLjVl 4_5 &j3_(^j .CjLj^P^jj ^j-a Ljj-3j 

CjljJLa j-Ll^ Oj mi c. (_yJlj_>. 4)jlaa ^_Lu (jI ^1 JjL^JI ^_2eJJl ^j^aiSlb 

(j_a c-utSLll j," ay (Mill ^jj_3 IjSL^j 4<0 jU 3jLa ^\c. 1 JJt £-aj n U* 

. {jh Qjy.la 4jLa ^^yJl jl>. 1 ^a-se-til 3aLa 
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pl^gjudl ■ ■gn’illg QgSJI 


.>■ !1 CjLjj_j j t *»", , V l jI ^_7eJJt 4_ujL>. 3_}Ljj_ij 

3_}Lc. j-jLLj f-j «>» tl (jI (j_« ^_cjJLj-4_u jL>JI ^ »>> ■ a (j_a Cjjl_3VI 

cjljjjj^i]l 3 jLl>JI 4_u jL>JI 3j>bj ^SJ-4_u jL>JLj jLA^ 

^seJJt (J^>. CjIjIjla IjSLaj (j_« 

.4l^L>. <LuUcj^i 4 3iU jSLtl/ 

2UL* V] m j 4JL2JJ j-CdJ. 1 

lULAULj 4_L^Ljv 3l_p> juu 4 ^jj?c_LI 1 3Lp* L^j ^n ( jy l]| 3 jujl*JI cjVL>JI 
C_JjGjJLj (^j-4-lmJ Lo _}Luaj? LlllUl 1 4 I f, Jl31aJ^ t^Ju-gJl (jrujUl CjJlLoI 

4 l_Jj>j JJijIj 41 I AJ Ij 4 L^jae^v Jjslj 4^1!^ (jy-& (_jlJI 4^1 

4 4? 1**<~>Ji t ' ^Lsej^VI (jrtJ (jjLaj (jl (j£L$jj . ^jjeJJI (j_c 4_}lj-C. 

. 34-JSL<a< L^ L^jLo. 3jj^ stLSl 4 3i~^ 1.1 (J^ljJLl 

4 Uj( mi Ci t <h! 4 4jM i^I'j JIllII djLjJui CjljjJI CjI gj • ny (jl 

LaJu£.j «l£>^ ^Lc-Ij- 3 1^1 <^>3~ 3-il f*-i^ Cy* (j^ 2 ^l J Jl_u <Jj i(j-tij L-£ 

4 ^^ji siuiUJt j js^ii « u»^n 4fufcjd] juai ^ lui jL*:vi cj 

4_LJj_C jJj.^ 1 3jj) 1^1 j SjUI . L&jjJu 4 jjJlI1 CjIcIj^LII (jLs 

^ i III I j I ^ J^JLLa-j (jl VI ciUL^J Vj I ^ ^ <-^ * l_3_^ (_£jJu V 4 111 4^jJL« J~y~ 

^jselJI 4Jb^ jLl^jI (j-c ^j^jg-U ^_>o (jl ^jSL^j 4jjJalJI 4_o*llll (j-«J 

^al3j LoJilc. ^j^j^jlJI ^-Stlll Lti-XJj 4 j- l i£j ^j-u-^-tlJI 4Jl^ 

(jl ^jUlun CjUj^P^JVI (jl 4j>.jjJ 44 jL* 1I j-ji-uo ^e->- (_^ 3jUI <LujL>JI 
(jA_j juj mi II (_jjL3lii cilljj 4^lj^ U^ 1.^ij (jjj L^jljli 4_3_t^jLo jjju 
4 <_jjL31II I JlA (JlLo ( jr ^ J i^i^j olj^p^JVI (jl 44ijJo. 4 jj_I^j ^jIdjjj . Cj I j jJ I 
4 j>.j Jj 41 Jl>. 4_jJLc. 4-Luua 4 _Li_42j JlIc 1 U (j|j 4 _l£Ll^»I 4^LLs 

(jjill (_^-l-H CjLjj^_jj_j_<JI 4_jjSL« 43lj_Lll ( jr ^ CjLjjj^-lII J^-LoIj L^Ia^o 
J j- 3 " u'JJ J 3JL»- cj-^ u? o^J 

200 (_yJI^>. jijj “ijljJJ (jl tiiLill »l clt~ JLaliL;^ iJjkjLo J< Mi l t nfl'i 

(JjL^JI ubj^^ • *1 <><ntl (_y^ CjHijj (jl (jjj iulill 3j^a 

ialiiSLIIj jojtllLi <(^3JI3j3<U 4j i hjULlLU <ijj?L>JLIj 11 jla 
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i 4_j ^JlI! c-uJjJlII (^j_>JI t Lfcjj_u^j V (jyjJl 

^jjcJJI JSLjj (J-tifeTu (jI LLlIc < «♦ »^stl ( j_a 

lLULiJI »1 4 I J_& CjLLuL-LcuJ I CjL-U-cJ 1 1^1 ju-o 

JlSUjuj . L^J^J 4_IjL^e_Aj t4_u^^j^_uil jl^_<_oI <. n 

4_L^e_Li_t_u 4..3...t.lo 1 4 jfrVjl i£j\"( 3tU (j- 0 ♦ tl 

4_ljLILII 4_S_jJsaJI Lot t(jJ jlXI 4_}^Lua ^ jr 3 3_}Lc ^j_a fjj£a jllLa 1 3 JlC 1 $ 3<vr. 

_» Lei c_2j)j_*_c ^1 £)-° Juful L^jLj 4I(jJl>JI 4_j£LaJI CjL_uIjjJI 

. ( \ jJu^2> J '"••£' 4-t-H-O 4_LlUcJJ 6j-l1l£. ^j9j ^ |) 10 

t3jjJU 4_^_5e_tlD 3ljj 4_jl_£ ^ k r11 

Let i3 Jl_jJlcuJI 4_uIiL>J! ci-Lt-uLola j-uJI ^jscJJ! £jI 1 *\^ Jljjv^J l 

C-<-j^_aj_jl jJs j_j_LI1 ^_7c_LII oT ^ ^^ i4 _jjj_LII 3j_3JLs ci.L<-uUT ll^ 3jjJI 
tilli q \ lLULUI »1 gif. J3 "»jj .CjLjjjj^u Coda Ij *4 jLjjjjjj 
cJiiitJ jj0j ^_>«J j_& t(jLLs^-t-uJI ^jJllu . t-> ■ ,'j"j [£ JlII cJsUJ! ^3c_(Jt 

(jry-aJI jj^i‘4 ^Ju^Lfu ^jJI jLse_3jVI cillj jLj>JI jUtiijVI (j-C. 

. 4j Js^Lya 1054 ^Lf. ^i «>» 3tl ( j_g <d 3U < 11 £j_& gLaJulII 
4 g m 4 jjjjIjJI CjI <A*n ill lLUj lLULLII gl gif ^ jJI (j5Jj 

.4jjjj5^uil tjjQ Ch-*-u-s ^1 

Pulsars MUUl|8^JI 

jl_Ii_Lo U, ,.l j \ 1967 jj-3 (cjIjLuJLjJI) 3 .>»»! ;tl ^js_lI 1 .-,3 .^rXI 

(jjSUI ^^3 (j^. SjL^. (jl^ ij^oVl a 3j3->. Loj 

ciU j Jljlj C-t i qU3 (OJ ^ 11^" 1 1 i clja-ol J Cjl_t3a_u ^J1 < nj| 3^ 4 " < n a 

tjjJuja A * 1" -^. 11 CjIjLoLlII ^ j' jJjlJLjj ^jl C i'st 1 .'-* 1 JI 4jlj^ < nil CjLsLiuIl^VI 

^j-a j3 J t 6 « J <1 > U 1 

4_La (_gjjl Jl_>JI (jJ\ 1 I~il .>1 1 r tl 0-jjjj3 jlS' JLll .(<LjjliLtl 

4 g -y ~I a LdijIjUs ^^3 LgjljjJ siljjl (jl=jVl Cul^ 131 La£. 
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pl^gjwJI ■ ■gn’illg q^SJI 


(J-oAj t 3 .^TtCl A \ ^_>o 0^5 * ^ 6' r 3JcjlLco jI t^j-u-^-tTaJI 

4 La [£ ^_3_u ^jJI (jUo^-j-uJI |QjJllu da_cuj i^^j^j^_uil ^aeJJI 
cjJl_>.j 1_La (j_4j . Sjl^IjJI 4_j_jl_ii]l tjr a 3j_o 30 Jju»_4j ^pa-Lb ^jJlj 

. J> 9-^p-^u Lo^jI ^1 j ^jfc-<JI 4a}U]l 

Jjo. jj JlJ 3j_o J_£_a t 4_jljjjJ 4_ae_p_j ^atill 4-cia.tj 1 mi nj 

■^juaZo JS^a ^ jjjI^JI jLtilLI I a <>.,*< cll^ jJll^ <& , 

:(36-J£_b) (ja 

I oK’a : < >luil! (^jJI jLlU 4_L*_3j Lxj 44 JUJI 4>jla 4 i Mii (jl 

4^StILj ^-J 4<?1_><J VI I JC-& ^j-O 4JLjJj £j\-3LjC> 4?l_>ol ^a ^Lt-iu 4_C0 J JU-O 

.JjVl oUbVI <^1 i^j^f 3j_o ajjuj 42 j}j >la 4^ ^1 ^LjlAJI 
. Sjjtae-o Cjlajl ijr aj a ^ U"; ^ 

0_jL^ tJ-cVl j^jLj (jr ^ ^-5tlll fjA Cj\ 1^1 i >11 dx-La_3H]l Lo Jl_Lc.J 

t^d-Lua ^j_o 4-oJLa < ~ * 1 «>>. < 11 ojjb 3 £) I 4-ulSLol jcv (jjjla cLILlA 

. (^^-tlajVI 3j£LII (jK < «i i JLuaj^Ll (J 3 ^-II 4iaLc CjLoI^ (j_o 4Jji_5e-a JlLaaj 

4_ca_jL_j ^j^>o 4 _j^VLj Cd_bTtd q I Juu tlgjf, ^ jr iitlll Jc3 3j£La]l aJcA 
^j_o 4 _jljjI (Jjl "x- j ^J_AJeJLuaJLl . LuJ^ae_4J 4 A h 4. a £^LoI ^a 

II <>>♦ 1 ts>*\ I Ju>- 3 Jljjlj £>£LoI QJ) ^ < mj (jajJI 4_j^jJI CjLoISJI 

.4j jjjJI cjla^jj <j-u-33 (j^j^c~uj±a *oj^il oLj^iiLj JL-ajVI 

^1 tny\ q-C. I mi >3 Jlj V CjL- ub-L-Li' (jL cilia]I o 1 oIr. ( j-3j| IjlSLaj 
^Ic. jSu>Jj 3JlJJluIu 4_aL^ij 4 JjLa jJJlj 4»1 <>>311 ( jr a 4-LA-uia 

^aeJJI CjLLualj-o #JJbj t 4_jLii] jJua ^ 6 ^ T^j 44aLLaJI -o 3j-L.t£~ 4_co£" 

CjLjJljjJLj ^>0 (j-sad (jjLoj ^j! <Uj < >1 nit . LoLoj ^j^j^uJI 

i4_>*jLlJI CjLjJuJlILj jl i4ajJa-o ^j_o 4_JI 4aliaJI (jI Juu 3j. o" < «ll 

( h 33 ji j 4 C^_aj Jutaa . ^ilLo 3 JuJa_Lo 4aUtj L^ajia Juu 4 jLjj 4^^j-4 
i^j-sajLtll jj3^_uil ^5e-<JI 4JU .4 jLjjJI 4^j_tia]| jl CjLj Jlj j 

t 4_j-aL^ 4_aLU I^J c^3t lal orj_LcuJI ci»VV c^laa j^LuZ o? 6^e 
ijy It]| (j^i i rtl diljja c_jjL3j 4_JajLt]l ^j-o L^LaLaHJI (jy^JI CjLjJujJIj 

Jlo I 4_ta ciLtlu V l_ 4 _oj j_u ^j?c_<J cilia] I o Lo-lc 4_La_<_ulj_j L^jL<_o->. 

Jjtacj 4aLLaJI (j-o JjLa ^j^it-o L^jj t4_ujL>Jlj 4al!lSLII 3 JljJ ctiu aJcA 
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• I Jl>- ^Jj^Jo ^j< I ^ 

S^b_j_a ^jse-LII (Jjl^scj (^JlII La <JIJ_<_u jlla Lukj 

<j-a ^aUlitl « rtl Ijuk <- i \ i nt La^j t n3~ i4iu Jo. 4-tSLla 4 jj_U_j Jj_3j 

c^>LiJI ■ U ♦ >>* 11 4o. j_a d U, „\j \ n m >> > * 11 jL t j^j^-uJI /aoe-tJI 
< U f\jJ ^jJlj i^J^^_uJI ^OcJJLj Ja_L5tJ (^jJI I Jo. l_3_u£JIj C-O^-dJI 

. JjL^J! (j, i M.Uliai JloJtl JjljLj 4_*_a 
J-a*J t<Lia'JU <«ol 4o.j_a ^1 (^joJI l_3^1JLJI {j ^ <-U.iu.oJ 1 4o.j_a Jj^tlaj 

oLl^ oUj^VI J*. j-jUJI ^1 L^Lajut *LS? 

^^>JI c^XJlJ! J}U- *L£? jJjj KjoJl ^lxjj-uj oLoJufc 

j»j_3E_<JI ^j_C. jJ-H2.J ^ jy I(JI CjLoojJJI jl 4 j^jjIjJI 4o-jI! dJJj ^jJLaJI 

. ^jojVI 3^ jl^JI JuoljJll L^U-allijj 4 4 _uj^j^_uJI 

CjI i4o.jJ,l 3 jojoj9 4jjjjIj diio.j_aJ Cli»-u 4 hojL<J 1 ^jjaeJil &JJt> £j 1 
^ < ■■ Aj Jjo. jjJlj <_)iajL<JI ✓aoe-LlI (jl j-aVI La i_jj_C. I ^j| VI i3jJoe_a 4_j-Laj 
. 3jo-l jJI 4_jjLlII £jjz c_aJI ^j_a ajo. i _ T 3 3Jo-1jJI 3jjjJI ^alb Ju3j i4_uj-o. 4-Cj-<-uJ 
<jJ t^jlat-a Jo. I jj£JI I IXJt ^ J£J La£ tj-a£. 4_aajL<JI 

Lu-^-Lf-uJ I (j^j^La jjj-a £_a- L^j^Il*_u_u Jj * L^jI j 3 j_3JLj t ^ j_a!u-uJ 

t 3 mi^\ £)l ^jU~ in') <jJ JaJu^j . 4 jL^_(JI (jr ^ La ^jlc.j_<_u ^^a-uJI 

^joeJjl ^j_a JljJljlJI t l_Ljj_j?e_a {jr £i ^jL_j ijJJLaJI a 1 a I C, Jl33juj . LfcJjo-j 

(j^LalLj ^a-3 (j-«J t^jia-jJJI ^j_c C< 3^ ^ ^j-AjJI L^jLtol ^HJI 4_tojLLll 

. LjJ u! LLa-'Q 4lLaLuo tiJLLA CjJIj La L^jI t Lr^ 1 

JLoJI ( j^ca£ (j_a Q^LJI (jyh 3j_uil <LjS!JL 3JI j-<fclj-UJI Q^*.' 

LaIj La^J .L-t-otCj L_a^c jjfc La t 3 mi^j lju »Lt^aaJI (j-«J altll 

^.LaeTa ^^2 1 3 jj_ioj 3Lj_5tlI JjJU (L^jJjaj_<_uJI) f>j sT, t, 1 ^^jjaeJJL^ 

ja_aa3^ taLia^JI Lr^ LaLaa L_3Jtliej 

IjJ ci«-<-Lj dJU j Jl-*_j ^ ^ /aa t(jL<_u-jVl J-jdt-lj La-4 jh £I ^Jl 4 < << a 3jLa 

j_aIj_U i-jj-L 1 ^^ii-aLJJJ tjj_3jJI (jVI (jL>. jl3J .4_joJI ^j_5tlll 1 ^^til 
• aljj-<-uJI L-ijJ&JI ...4^1^ 
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tl^gjuuJI . .gn’.lIj QJjSJI 






70 














171 


:(35)(J£L»i 




pljygjwJI ■ ■gn’ilIg 09SJI 



1 tjj-frS jJjjj ^-3e_LU cjLxc3_l 1II :(36) ( _j^_ti 



jjiajliJI £UaS :(37)JSLjj 
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iAU\ yU\ 




(jjkj l^SL<jjL«j (jja jJljj Lo njjSLII 3 jUI 
. 4JlJL3 SjLqj^-u^£ jjJ3 3^1 ir /3 t\l <^11 4_IL>. ^yis 

j—liSL j J-i^l L$-d £lj_i!l 3j jJt (_g 3 " i II a I^>-J 

• 3jUI <> 

3 J <tj| (jLk j_^U dll j l_ijj- 33 (Jj-3j (jl £^£L«jj 
L l!*3J-^-ll (jt-IJ Sjj 3l_jj dlJ_L^ (jl (_p3J-3 

<pll .oUj^VIj Sljill uru djlaLJi! dUjd Lhj3 
(_jj^Ij 3l 3 JLII (j-u IsLjI! dulSLI i l^Mal jjJj 
^Luiil 0 JL &3 . Jlj^_i jl IjJLa 3 I 30 (jj|^3£L!J 

■i^ 4K 

diji^ej I31 a3 iCjjaIj JlIjj ja^stlll (jl Uj£j Ju3j 

Jl^jj . S ^3 ~y- ill oJ-/b JL>. I d!j_«j LoJ-Lc. 

.(j-1 ~ Ml t 'V 4_aL*J1 «Ll 3_JI Us M t 3j_ull djU^I 
.Black Holes »Ia j.. .11 i_j^3i!Li ^o ,„j Lo a 3^.3 ^yL. 
(jiaSLjjj 43 jLo jL^jj LoJ-lta 

(j-ujl_G_i ^ I /^iVI jjjs jJt_c£sl ^ j L£ aa£ 

Ijaj^ JaJ 33jLo ^ j_ill <jf .dlljJ,l 

jljj-3 4-jjjL>JI (Jjtjcj Ij-ifcj . I j .>.» i £_a 3jU,l 
L^li-I-S dll cj i m->JI <13£-U3 l^jl jy> .SJjLli 3dLj3 
l_£l L$JI <_J jQao l^jl La£ ,£jL>JI ^yll dijLijVI jjjs 




pl^gjudl ■ ■gn’illg QgSJI 


. J Ju3 I jlJJ »J-UO 1^*0 fcJ V Cijjjj 4^?t_UJJ i L^JLkl J 

4 *i I (JSLj CJLlA ^-3-lJ Ll3j j <<-*nj Cjj_4 J La JlIc ^jseJil <j I LL>* 

V t Jj_cuVl juloII L^j1£j «:!_}j, 1 .1 4_II_£j 4_i_u_jj ■ L.j~»-j 4_jI t4_<_u Jl^oJLI 

. ^^UaJlj ^jigSLcttil j-<_u JMIoVI <_ylc 9-i^-uj V tdjLo jl 4 ^j>» jl *j_ud (^1 4_Lc 
Jj_<_uVl ^_l_3JI Jl^JScIu J L ,j ^yTcv. 

tLiajI J3~f.lj »j) <<M1 (jsz-uj Ju9 4 jL£j Jij_<_oV! c hilli jJuj IjSLfcj 

-3jjJa Jj^duVI c-.«-3rJI (JjJ (jj&j .oLuaJlj ^L^j-C. ^JlII Jl*j ^ 

^jstill fl£]\ ^1c-4->-lAjJ 1 4_ujl_>Jlj JjL^i! <L> <>>lt 4 j?c_xILj 

.CjIjJlI (jrU^lxJ 0J-&1 (jy^l (jr^J 

*Ld_c 4 _iLcj i ^jjl&\ Jl '^ 1 <s >otl $. 1 jj-<-ui 1 jj * 311 cdJj ^JlI ^jl 
. Liajl 4_a_}Lj3 4 Jjj_L CjI j) r mi I a. • 1 >i^4 j-cIaL>JI cLSjJI ( jr 3 ^j_u_jJ u*ll3tl 

/^ *"< 4-~ j>j_<_uV! L-tZcII CjI Jl>*V jL^Jj ^1 3_iULs iL-j-kc. ^ylc. L_uIj ^_Luljja 


CjI JljJLjlj 4_>.l jj V Jj^uVI 1 > '3~tl 4 _jlj_lL> Coe-U ^ jJI ^^L^-uaJI ^JLsJLs 

:jjfc JJL-uj jlib 1 _La L^jljij L^jll^tj 3 jLU 

CJJLUI »1 <; I C. *■ j 3j t 3 -lSL^ 11 Ji-jf Jij) < <iVl c ^ 3111 4 j|j ^)S!_4J V 4jI L 4 J 

^ ^lj_^JL^ t 0 jl-jT Ml II (JjJjlfMj ^jl J-^lj-II l^jlr. J^JLUjjVL 

. LajIjTL^JJU j-AI jlaJ! 0jJt> ( 3 ^-lj t^aJoliUI jl 4 _u!iL>JI cUjl^j 

4-Tl.ljjL>. (JL?e_d j-_oLj u I C. »1 4 LII Jl^IIaj Ji j-t-uVl t—t2o]l 3JLv 1 ,>>JfJ 
CjL^j (j\ .< 5 jlj_?e_J 4 ♦ MlVI jl nil llj 4 _Lo 4 _U^_ 3 il 3 jLU ciJjJLjj ^yic.J «ll 5 l*]| 
I ^ I & « ^ ^ ii j I 4 _lJj_C 3j5^_3_a 4 _ILv J_j 14_j_iLa LL^j C> < <nt ijl^-UI ^J?e_Lll 


- ^ I 3*y- ^Jjsejjl CjJ-4^ 

^>0 4 «iJljJI I JJt e-tjj-uLi Cjj_cj L^ i^jjseJjl Cjj^j ^ju 

( j_c lLULLII ^Lk. .^Ij^VIj J>L>JI ciLj 4 j>.j ci^lj J*^- 

(^yl-SLJ ^^yJI CjVjLlU 0J-& ^-AJ_coj3j 14-L/JaLj CjVjLl 4J ^jl^JI (jj^-ll 

j-ii JlLo t^jLp^VI (_y^ LJj3r, 1 ^I«3Ti V JlS ^lil tS^-uJLl L)j^«JI jl^-ut 
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pl^gjwJI u-igiLUl qc 6j>^ao 


* $■ IJ >t .J I c _)^ t I 

^LjcJv! Jj Jl 33 t4-LL^ijjJl CjV^L»_U »1 4 UII V~ MH*4 

i L^JjLo L^_j3 J<?m< in (j^l\ 5-Cj-ojJIj L^j^LcLaj t 4j^ai CjLcj^>«JLIj 

. 4jj^JJ1j Cj^Lc.L aUiL j 

t4-jjl 4 < nil £jj<& CjLub-uJ'j Cjl^LLail *Ui*JI <- < I tifzJ 1_4^ 

H3 (jyllll 3 jLUj t L^JJ!j_>. CjL>.jJj L^cIjjIj L^JK m.iT t 

• Ig j g n fU L^jLp- J-jiJ ((j^_u-a]l (jrU^Ld) JjjlaJI ^JlU 4 L^liwl_} ^ 

J-l-LjJI tl^jLp- J^L>» ^j-?e_til cjjl>«j (jPil cj^LcLflUlIj 

(j\ Lcl_3 .CjjJlI J_*_j ^Tljv- l_Aj_laIUj ^£JlI 1 jJuLllj 4_3 jj_Lsj L^JLxLj 

Ljj-3j j 1 Lajj>«j jl »1 <>m UI 32 I 


jl&wifjtdLi *» 

tj! J-J t Jj_<-ol t > « 3*1 jl j-j_3 (jjjS ^LjL3j Cjjx-5 ^>0 (j »h 14 (jlil 

L-u-t^J i4jj_Ia_Lll ^jLu . 4jLo* 4_c^kj>. jjfc Jjt^ej ^jJI 

4-3JUjt]l 4 JL>.j_a fU > m j^jJl 4 JL>.j-a L^ij-o 

. cQjQ^ c (mix j_Lt^a JjLseTa L&Jjuj .. j_*a_>JI 
(jl ^jW*< I >|J 4jI^J ^1 LcJ lIc ^-StiJI (jl 

<Lx-uaj JlJ>- £j-a 4T(Jb^ CxjI^ I3l (jjl jj 4_!L>- ^Lj 

Chandrasekhar jKj M(ljjuLi» Jl>. 4_j1c (JJLUt ^3 tjKj < mIjj^LI ^JL*JI 
^J| ^j| U" 1 tij .jH^Mitl 4Jl3^ jIj4 Limit 

L-t3j ^1 Jj »i o mi! I 4Jb^ j JlS 3,2 fiQllt^ CjjjL>o I3l ^j>o 

t(^j)j-<il-^jljj>JI 0ju±c. 4jl^j J-U^j LaJu^. J_u-£S^3 j_A L^ 

. Sj 15 Ll<_uIjjJjL iu jl>. jjLselij <gLSj 

. j 1 £ n ciJJ jj - "J Vj 4>Li3 ^JL>.| jJI < U» ,>>tl j)^j 

t^jaeJJl <->**« Aj J_jL& jL?c_3_jI CjJ ustJ jLi^jVI ^Lul 431 ^JL^Tcvl dJLu^j 
. <pL-h-3JI 4-11^ p lo» (jr 3Jjj 

l2jL$_u_u^. (j-a 4jjL« ^>3 ^1 Jj_^3j 4-U l ^2u Lsj 

^JjLjlLa 4_bt_3/ ajj^Ld tCjljjj^-JI cjLj^p^J^/l jL>3l juu u U 34 
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pl^gjudl ■ ■gn’illg QgSJI 


cr 4 * 

^ t-s , ,,1 |j_j jjt 4f.(jUa1 J-ljj Cj Jl>. La I Jufcj 

jL^Jj ^^9 ^lill Lai .1 054 ^Lc jijn <<Mi \ a 11 

1 A.t) ♦. 4_t.ufcjJ i 4 _u5L>JIj »U« <>>11 4-5t _uj Lfllla-a IjLtfjl t^j?c_Lll 

4_ljj-c Bjj) 1^1 ) SjUI j 4 iMj tCjljjJI (jr ^ 4jjjJJI CjLcIj_oJI J 

«i A «-^s < < Jlj V 1 LlI 43ijJL a j_j_c. 

CjI_4_u>o^JI CjLjLjSLII jL^Jj a I J)J-t-uJ I 

(jylc. Cjj_a ^j_c lj_A V <wj (j I Jlj <Cj 1 Mill LLslclj-aJI 

-gLj^JI ^JJ>0 ^rU ^j_4 ■ t-s / o ^_>0 ljr A>^- \-Luj-iQ-uj JLujJ Vj . ^^Tu-U-O 

ijr Lc. ^jS u jj Cj t LojJ jL^-U i_3j_<_u jin Mill £)l I Jufc J_Aj tcilli 

. 5_}j_<_ul C-x2j 

^j-1 1 ^ r^>fj t4_u_u c_3^l 4 < ng-v. Juu «a Mill Cjj) a~ < n 

l>° J^l L^££ <jV jijj (^1 (OJ j-a^\ (^11 Jj Jj-uj L_i5j 

. j 1 £Ll<-u 1 j ju Li, Jl> 

*Uj jjUA jJfct ^ 

(jjj j_Lu O-o- 4 _Lojj 4^3 L£ (^Jj)j3g_till ^-5tlll (jl 

J5LAJJ 4 JjId Jla jJj (1)^4^ ^>* c ^ 3 J-»*t jil l-aaSJL! jTtaju < nil 

. dll^ILa jL£ Oj ("liC. 4 ^Ludl 

Ujj Jjjlj jii^l jjjjjVI 1-. jr~TLa . c. i5~Uj (J-uL5j V 11 jjt 

CJ^Lj J-uJI ^JJejJ! i^yQ L^tJV (J^lj - 1 U1 ♦ , >, < | p Us<r \j 

^ jj! t jJL^jjLLj, Jjl^ ^UVl ^[y^\ ^JUJI cjUjV 
^L.n^.^1 ^JIaJI 1 jl^ j_u5UI ^i3 

.4JUJI a^iisji 3j, ;^n 4,^]! 
1 ^ U ^ t ^ \ j_Lu (i 4 <*ii! 1 UjL>»! 151 LoLj t4lbjJ5j C.L.ytjj} 

' 1 ^**« £)l 1 ^U>« >>> < 1 ( 4 4j-jJLq j-Lt^ cJiil 700 ^Jl 

J-Li^ c_5-t^aj ^j-salSUj LaJu£,j 4 L4I43 ^ jr 5 j^l 4 jj-*-/^s JljscIujj 1 nil 

J^JI I JlAJ 43>LUVI ^ ,A 3 ^ ^ ' J (l4 ^J j^- (J « 4 Ml 11 

J i j <? mi j, U 4 ( 41 i/n 1 gj if, ^JJLLdI (^JlII 4JjLlUj 4_J] Jj-usjJI 


178 




L-j^iLiJI qt. bjssjxo 


4_lu_u_lILj j lj lujj LLi l kjuzj uLm^tj LUa lilj. Schwarzschild Radius^ ^ 

LjJljvjJ . 10x6 1 1**X | ci<-L>> tI t^pauVl >_ £> 

LfcjJsa^ lJ?-uoj (jl£J i'ten oJ miU (jldj-ilLj-Aj! 

c-KIj-UU 1 _l2j |JljI £)J <_Kj£ l>^J ♦ 0,89 

^J_5tlll dLp* <-JjJL_ul qC. iUU-J { rth-TBJ C_Klj£LJt 3Lp* (jl £jljj 

(J_Uj 14_<_u mi 11j t ^ / • tl 4 _jLc Cj^U-Loj (JTl^Tu tjr I(JI 

jl>«j tiU UK <g!K <l a- U 1 mj ^-5c_lII j^j-o ^jlL>o 

^seK ji I ^j_K Ui ^still cjUj ^Ldl jU^jVI cjJl>. 4Kg U 

. -Sj-«-U | ( ^ « a*tf J | 

Jljv.) j-IaJLlI i h Is~i ] ( j-a JJsl ^_3ti!l t-d-uaj Uju£.j 

^jJLJI £jj_il ^lc. 3^_La_u_u_I»l {jr it 4_uiL>JI t ( JlLuIi jj LLHi 

^-5cJJI 3jUI ^jGj ^jJI J-aUII 

oUUi 


(6^Jt jAiMikAti* 

'a 3~ ^JU (J^aj 4_j_GL>J I £j\j Lcl^-i-o £)K ^-^eJJI lLdLUj J£ (jl U-J 

^ IjJaV I 4JU.J-A 4 j I Ju>o .0_ijL4J ^^ylc }UU J- U JtJ ^-ylli 1 SjGJI (JrUJ 

4_jIj Ji C< rr \ ts~> I I ‘"' L^jf jl t4_u JiUJlI 4_lL*JI CxjK ^U^uil 

2 (_p3 tiJ ^ 2 = JlLuIi jjLa_«Ii ^tta 1 U,s\\ (*) 

. (4_u jl_>JI Sjui ^Juc J-X^eJ ^ jjl) 4_u jL>JI tlulj = ^ C - t -p - 

.(^ILd ji_j^ (_kil 300) 4_ulliil ljr ^ f .J <^tl 4_C.j_lm = l _y£> ( JJJ 

:JL ~ U^ (j-u-q-tTuJl LjJl>.I I jl^ 
.^La ^3^1^ = 30_ I0 x2x "'10x6,7x 2 
(810x3) 

(_ii? 700 ^1 Lfcjla^ <_fl_uaj) jl Lc 3 t rt i^i'i ^c-luoI lij 

. I30 L^aLolj tjrtJjl (^t ( 2 3 °I0 X 2) 
.(Cajlii (oSj) Jjjlj /j»l>>- 10x6,7 = (g-) iaji li-p. 

. 4_ulj I jTt } r <i 10x3 = (jj^a jjj<) 
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plAgjuJI ■ ■gn’illg QgSJI 


1 (jl JlJlj J_cLIj (JI_3s_a l£]L_LA Juu 4 d A a 

3j)ULtl ^_a ^.LiaajJI (jI 4^1 ui ciJLLA 

L) I Jl_>u 4^Ja_j_jl ( _ JT _£ J_jL_<_u_II . U • > >> 11 C.<->oj jj_UllI! 

(JT i^. Cfgr.jf JJ* cjLj^lSLWLs 4^_Lajtlb jJI c-^jJlII 

1 ^"1 \^ j " i < \ 11 cix_ptj 3jjJ! i"-U«/>nlj t 2LpUJI L^laLL cjLjA < ha 

^ jr 3 4_jijVI 4 jj jJl L^Uj < n**. CxJjL^JJ 3jjJt 4 L^jI^ j-* 3 

3_>LJJ J_*_j 4 L^_l£^_>. 4 _j^_>. (j-o Jl13j L$j 1 «L>.jjJ 4L_41 _u£' 

.2bjU]| UUU ^ cjIjjJ! Ujdii 4jU]| cjI^u 

4*1 4 mi ) 4_3_u£ cliljLL ^j_c »1 Ur. l*JLlA 

jl>.jj <—^u*ti Ijla 4^!Lo j-Lt^ 4uLa ^\^s>- j_Lu 
<_4_j£j 3 t j-A-Ls 0 3 M11 J-L^JI 

j3Jj 4_j_ol_>J I i^y^-U I Laps ^ 11 jj ^j?eJj| jLg_u La JlIc. 

4_LjL^JI 4_JjiL>JI (jl Jl^O 'gt *1 «^tl 3jlil jjJj 1-4^ jL*Jl 
4 J 3 r m! ^1 l_ 3^L*JI ^_3 4_jllijj>.j jLiJl 4^j!jli JiLuj ^jJi]l 
. jLlaI 4j^Lj ^j-C. CjVUJI ^^Aju ^ a ■«« Juj_j V 4_3 _lL LaLI d Ur 1 ,>■ 

4 rfM^I 4^j^ J iVl ^JJLlI I^J U ♦ J (^jJt {_2_4-3E_Lll L^^JlII Ijufc (jl 

J£L_4l/ jj 'j I ju>.! *^<U~,xjj Vg 4 ( _ < psj^LI i_s^LiJ! ^j-o 5 j_43 

4_jl 4_^.jjJ 4 3 jLc Lfijjj 4 _IjL_u 4JLx ^44_ji 4 4^litSJI 4 >Jl^j jLc 

. 4- r tSj^ (33^ LlJ ^_LC Ml JLStlu 

l_L*-I I 4-u-lI,Ij I Jl>. 4 L 2 II 1 4jjU^o]I ^ I^j>.VI CjJlj^_j La ^jt 

3j_0^ LLdjJlxIs 4- <1 < Hj 4 >Jl^J 4_CWjL>J| CjI 3 jUtl (jjj (jl J-A 4 4JL3U1 

La La ^LaLc 1 \j 1 <"> <r \ ( J_>> jL ^j| 4_-cJ?e-J L_AJ .4_tLLljJ| L^JLLLLa ^L. 

I Jl^v. jjLscJIj I (j-^-AJ V tU ♦ i I 3 jUI 4_ajLLa (ji : Cj Jca-j < <i La jj /^"i <! 
4 _j_<_uJl_L^JI jLjlj^LI 4—Lula £_Laj J-aLlII IJlAj 4^Juu jL^_u Llula 

jL^jI cjjl>. cJJj ^j-c. LaaLjuI cjjIj LiL^ 43jjLJI 4 jj1 a < <itl ^Ij^^LI 4 JSLaJL1 

/ 31«^ A /11 CjIjJlII ^j-A^-u^ JJlc ^)_a 4jj^-a 3jLXI ^-<-u-L VI c-oejg 

3jJlJIj ♦; (j-* L^-4.^iaj La 4_jjJsI oljjJI 4>JlA 4_j^Lu^JI 3JL>- 
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tl^gjwJI L-igiLUl qt. 6 jsSjxd 


^jJLII t4j^£jJ,l 31 jJJLj « ciiU^pSLIVI { j-a cjUj-^5c_c jJa!jJI 

til 3jjL>JLl cjljjJI ^t 1 *>*f ^JjLse-c 4 j! 3jjJI ^Ij^l OV 2^»»jJ,l 

. 1 fi*\\!& {jr £i 1j_ulj 4 i 1 <^I' jlIjll ^JLc ■ Uj ♦ <>>tl (_ , i ( ,n V I JlIj i Lj^Lc. tU« i>>tl 
liU 4 CjI j jJI c_3>U^Lj ^ULs i-JiliifcJ i^jjLselij V I Ju>. 4_ajl_3_a JSJ (j I 

3jl>JjJI SjjJI cjLjj^IiSJI c<-Lvl ju jl>JI I ju* 3jjJI jJsljJI <LLia]l j^Uo 

j-^ i ^ I JljJu_u Uu-iS cjIjjJ! ^-o-tSLi 1 jlSLa^ 4(_£^->.Vl djt^jilt ^LUj 

.J_uaj J-^>* 43^ j-uJoj *Lcj 

(jj-SLj V I 3ji U 3jjJ 4 ajU!I CjLjjjIISJVI JS^Iiiej Uju£.j 
CjIjJlII (o^) i4jjL*Jl L&jj-t-o 4_uj^pSLlVt CjLcj_^5c_«JLI J->-J 4_aJ 
Jl_j_ 3 ^ jr lJI 4 _jjL*JI ^jJJI 4_tiiw 4ic Uu-u 4 1^3^ <« jl 

- *,1fc> < jy \ 4jl£Jl1U 3 \ A #t 1 clilij^pSLJVI 

4 3 i^t I I 4 JLL 2 JI jljJLl 4 j 3L*-JI .iljJll ^-<-ut 1 4 »jjUtl 
. 1 j 1 ^ £_sljJI JsaJLUaJI Jljj J-lc. JjJl>JLI ^-lC. jl nil iVI ^1 J_U1 (_pJlj 
ij\ ^_j_c 4 jLiJI £)-* UJ- 1 4_3 JL_u 4£jj*- > n 11 3_iUll jl uf.l ^SU-> cilljJj 

(j-C. ^ (^1 4-4j 1 il 4 LLI 4^ym CjIjUII 1 3tUa 4 \ nij V jLiJI (j-° £j-(Jt Ijufc 
I US 4 4J_l3!l1I 4_>-^Jl]I 4_lU^JI 3jUI U^j ^ ♦ »>»!t 4_jJL*JI 4luJLU 

e - c - L^jJI ^j-^- Ij-^TlS <_3JLHifcj 3j)UlI 4 jjjjlII 4 JUJI 4>Jl 4] < jy l>.! JlI! c--<- t S^jJ' 

c.U>J! ^ V L^T cDtJjLkU 

4^j>JI 4ju juuj 4jjli LjI lo mi l j r a ^ tV <) a jjlL Ucjj_^ ^jjS!j Jj t 4U^3 Ul 
UUjU-S U_S-4_jI 1 (>> jl th "V^U L-<_5e_Jj . I Jl>- JJ) c 

L^Sljl < tio CjLjjpSJV! 4Sj^>J 4 j?c_l1j j_A 4jjU,I 4^UaJI ^Ujjv.VI 

^Ujj-lSJVI U 0 U 0 I 4^jj^_4oJlI 3_iUI 4 jj^-o (_3^j3j UUIxS-3l^lll 

.^j-LlI V 

CjIj jJI <Laj_4_ujJ.I L^jIjU-u-^ fjf£. CjLjjjUSLlVl 4 >JlA JLpo oyze-& 

l_4^S4 _^LUj < t^s A ~I t i (4_L^ (jlSU ^JlC. L-C-Lt-gj) 3 1 /^ ^ /1, i 

jLiil) ^_<jjI 4-lIc. jllaj (JJlII jUJI (j-* 3 JuJl>JI ^J-^l I <- «»< »n ^_y3il 

jLLII tU ♦ j_SLjj_j 1 ^Jl UjVI fJUi! o_u! 4(^jj)jliSLlVI 

1 ^Jjulx-s 4^lrSJI j I j^j-4-<-u^- tSLl I 3 j>U! ■ ♦ i>s ^ LU Lj-^yjjjiiSJ VI 

Jjl J-&J I J^->- J^l J 4$:1 <>1 j ill (j-aj .4j^L*JI CjIjUII 
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L^>0 J^l^a J_Aj i(c_j) 4 _uL<uJI ^_>0 4_j| ' 1 ^ L^_Lo (JlJuaSLU 

Jl_*_UJ 44 I 4 < ntl ^J050 jj.1 Ijlifcj i(l) 4_uUJ! (^J.» Mill J_& Liao I 

(j_4 £jow (j-° Uj3. (<—J <LuUJI I) j_Lu 

.^j_u_4_ilJ! 4Jb£ £-4 ^jL xlli jlSJLS 4 ot£ UI 4(j-o4_tlJI 
4 _lLc. (jj^j L_ 4-2 I jj Lai ^To- t ^L(Ul JaJuIu (c_a) 4 _ul_ 4 -jil / 4 a>aj 

<jjj LI Lol 4 L^lj^. 15 <_^J!^>. L^jjj (jlSLJ 114 mi11 3^L4j 3*jJL 4_4 c_aL3a 

. (jLLl 10 (_yJI L^jjj £-LI * \jjt j»jJi]t 3_iL (j_4 ^4-3ei>«JI 

jlJ-4-l^Vl , ,, < V 4aL ^j_3_!l 4JL>.^_4 jj (jI JOLJJ 

Jja>.jJI IJl_uj . Jjj9j ^yic (^jlbtj Juu 4aV ciilij 4^LtaJ| JuJja ^ 
j-jJLoJL) 4_j_sLLa 1 ^ j <* ^_JaJ 4^-4a-<_all JujaaJI (j-4 4 _LlLjj 4_LjJa 4 _L-j_ 4 ^Jl 
(j-A-a^la Cu_4lj 4 _LLv SLjav. Jlju tl»j_4aj 4LuL^j aj-u ^a »1 t^3ll ( jr 3 JaJuiu 
C.<_4 JlILoJ LI 4_3o_ul 4ILl 4 ^aseaJI Cj j_ 4 J >xk teiLIj £_y 4 (j <i^»tl ^ 1 c. j »(j^ << tit! 
..rt-3e_cJj ^Ij-awl t*ICA~ Cmj < »ij 4 4_aaL>J! (j-saala 4ajjjJ| 4ajLc.Laa 

1 g jlf (JJLLaaj L 4 L 4 J ^astill 4al^j ^^j-uta 4 4_uj_iJI 4ajl^taa^?l 3 jJj-looJI 4Jufcj 
^^ylaa (jJ i(_y>*jL>JI ^ 1 »>* At! r, 3lLM 3.iLil (jSLIj • (Ljajaja-oJI) ^ 4 -<_ul 
<Jo*L 4>Jufc {j 3-*tl 3.iLcl (j? : JaJav jJl£ 3jj?e_ 4 (jabtaJ Jjju Jj JljVI ^1 

^aJI 3 jU,I (jl ciJJj 4(_ 7 iia£L!t 1 Aj g t^» 4 j 4 aV l 4aLc 4j 1 4 r. 4 4-Luua Sjo?e_4 

4_ujja^_uJI 4aj^j_u-£3 4 jL^j (_^J 4(jri_>.jjjLi^JI (j_4 (jl^ aaLtflJI ^aseaJl^ 

. 4JLloU! L_*JI JJ (j-4 4aJLc. Lu-uJ ^jata ^-na I 

4JlAj . 4JLl3oJI j_u^Ll*JLj (_^_4jaj jL4a 4Bjase-aa-I, ' l^jajaj_uJI ^(jjl 
(j\a L 4 3ja>Jt! (_^ 4^.jjJ,l 3jli! ^ja <j_4 Jjuia 4_3 j_L*JI 4aajSJI S^afcLtaJI 

^j_5e_(JI t h 3 i" IjlSLa . 3JloJj ^ 3~^ (jaj-^aJ Jau c 3^~*i 4(^ja5tlll 

4?Jl_A C« < <i j tj t 3a Jaia-4 CjIj-4 ^£1 j 4_3iHit_4 Jalxa I 4 ^ Lja-oJI L^aJiLc 

pastil I 4 >JlA (jl ^-(^y^-jL^J! cLiaaJl (^1 ^-seaJl (j-« (^l-4>L>aVl Sjap^j 4^->JI 
jL-laJI (j _4 4aja>«JLl 3aLU c 33iTi (Jiia ;4al JlJI (_^ L^oa^a Juu 4 3^a?r 3"i 1' 

(^ i)-* 10^* 6 J J-^- 3 ^ j ^ ^ u^ 5 L* <^$^1! 

. 4>a!vL^ cjUoo>J 
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: U-A (jllJU. 4_i3 ^-uaTtJ t( >ufcL>o1 ^ j JjU jLjj 4_L_<_<jII^j t q ^-<£ luu.a 


. <L»34 3^m L-3-3Jbj (_pJI 1 4_IL* - 


Lajj_u^I<j V VL3j! Jl3j * -il j-LU jLa (jr & (_^I<JI <UL>. - 

J< fitJJ 4lj3~tll qa J-3aJI 

^>Lh 1 > < - 0 C^i Jj-^ J-* 0^3 

(^j^LIl a t jLe_3jl jiLul CjJutJ La ^Juti Ijiaj 

La Jl_Lc ^-ge-Lll 4 _jjlj_lL 4 _5 e_uj 3j-uJ.I 4_jj3^_aLLJI oJlA ^jjj -p JU 

JlSUjUJ . JUjJ jl (jKj < tlljJuLfu Jl>.) II 4 Mill qA I , 4 4Tiir^ J-t-aj 
^_5eJjl ((l-JL)) iUih^m LaJu^. * 1 ^jj^->j-<_u]I jLe_3jI ^jL) LLLaJI »1 air. 

<Lt£ <LLSJ! J jjI/L^LjV! c « i < n ) jt) 4L.jL-j Mill 4JL>.^_a j_Aj 



II 3_}Lj-L3 lq ii a Mill l 2&l!£ (JLa 3j»a £)^_ila <^1 jjv ^Jl 


t(4_j_jL j, Mir. ^Ij^v) ajj «**n ^ <j-*j (_r^ S-L3JI tc_jjL>JI 

Ijufcj . 3 j JlI 1 3l jj £_a I qj[23 ^1 Jj-aj tjr IL>* 4^LSLII 

IjJajj . jL^Vl JJa 4_tic La_a CjIjJlI (jrU^La t 3^1 J^jJLl Jjljscj 

3jl ^ f 11 3 jUI q\-& <<-d_Ij ^j-a j^V ^LoSLjVI ^tlll j£j-a 3jjua ^jl*J 
4_jLc La_jLv J<y M ( 4_ajL3_aJ ^ U~j3 tjL-l jJI ^1 cJaLL- J< <~n 
^j_4 a^LLJI jj-^u 4_LsL_uJI 3jLc 1I <L>.mi 4_aju-^J1 ojus> q-aj - 2 t\l 
4 _LlSLI ^jL>JI ^1 L^_3jj_L Jiitllj 4 -l^LvU <^>l <L>-j_c ^Iujj .c_JL3JI 

.JjLa ^jLe-3jl c rtrt^ ^5tUI 

^^saAJ q\ 4j>-jJlI ^jL>JI ^1 jLtijVI IjlA OI L^J 

. L^jjLuj V £>£Jj *j) <^II qa (_jj-3j »1 <>>3tl Vj I j j Lj 3^UI 

^j^JLl jI_3e_3_jVI lj_A ^ ^ U>«>>I La ^-stlll 3jLa C< < »mI j 

cjVLtA (jL^VI ( j-c 4j MijUliLa cjVLc_c cdL^ t^^cLLJI 

3_iLe.<.uJI 4_LLfc 4 j < <ijH-LLa gl A «^>t rtjae-cJt L^J l_^Jl3j 11 Juv 4 j^ 

3jIl3J j-»_3IlU ^-se-tll Lr^ 4_jLt-tH olxJb Jlijj . SjjL^lUl 4jjlJLll 

♦ q LLj-cJI ^jkXj-u q£ cj Jl>. LL ^1 t LL 4_*-L 4 j^jj 1^-11 

SL^jLj-jj) < m II CjjJuv Juu lJi_uSLII ^fcill <«—JLU)) CjJutJ (^jJI La (j^LIj 


I8S 




pl^gjwJI ■ 09SJI 


^_>o) ^JSLju <■ ( _ jr £ j^u-uJ ((C-Aoil» (jLj tiJLLi]! s-Lalc JloILju 

Lr .3.i.3elij CjIjJlII CjLc1j_3JI jL$_lj cit- cv . 

CjLl^AJI Cjlj CjI ^-t-u 3 \J 4 4_j_>-j_IJj 4JLoJI CjL-L^ t-tTuJ 1 

(4_JL^j| oLl^AJI cjI5) ^ ch^3 ^1 c4hhh\ 

.(J^JLjL^JI 4_ujL>Jlj <U» iMI c < 1 < Iij (4 _l>-jJ.I CjLbe-jJI CjI j) CjL j jjjj-JI j 
SjJlJ! 3l j_j Ci\ t ciJJj fjyJt CjLj^j^j-lIIj 

.CjLjjjjj-JI j_c 4j^LjlII Jl 

t»l <>>3tl 4 3 U< a fjja jJu-aj 4jI 11969 aLc ciJJLUl »1 ale, Ju9j 

i4_UJ_Ltf3 4_U_U 7000 Lie JUt-UJ (LL>j-<_aJ 1 |<uJllu) 1 ^ 

0 -«_l-lj L^l £)l_*_ajj 4 jL-<ju La j-t-ujjJs tdJuaJI 4 JlUj 4jjj.}Ij CjLi^-u 

ij \j t4 j < m j U Ll_La ^Jj) 3 -v. 4 _LjLa 4_c.j_<_uj J a" n cliljjjIi5L!l ^yC. 
<? iVl d_A^_H» £)l Juu t l_Ll ^J-II ^ fc*> <11 (jV! La^ 
j_j_) ^->0 1 LjlJ I 4_jj^LI I 4-LtSLo.uJ I &Ju& c_JlS J)jj 3 4_*_<_ulj 

^j>u Jjl ! J-A ^a-atill ijj* J-A L^J 

C-<_jJljv ^.jJI (Lb jjj-jj-«-uJ1) 4_uj£L1I 43jKJI 0 Jufc 4 -l^-A 1 jJljjj ♦ 4b 1 mh^I 

g-Lauiyi ijjs /I0 j-». Ill ^jlSj L$j| ^^b jl^u ^^b 

.L*U 2uui,t ^l*4JUJ! 4^1LJ! 

*(2 ^Ll^]| j^Oi! L^j ^1 oLuljjJI c^l^j 

dJu».J 370 4 — t - uaJVI 3^_£LJ! J L4-L1J 4_j 1 (JrtJJ Cl>-L>- 4j4 

3ju>.J 100 (jJ 1 f g 4 . ^UlIlU jltll 4_ulilJI 

^ (>Lkj ^i!) 4h.uh.uX i 31^-11 3 jSt-Q Cj~^ 3juwj 35 ^ 

jJl3j 4^1 <iia lie. juuj t(4jMijd JjLi/ ^JIaJI <. > <n~>* 31 ^ ^_«-ul 

4luk ^yie jjfcil j liU-jLj^bJI 4 j>.j j_te ( j^ Jljj Vj 

(jl jLj4j 1 (j-« ^Lju Lc-L u 4 

CjJlj>o tjy lJI 4 jL^ 11I JSLju j3Jj ^-Lalis (J-oLe J->-jj 4jI jJb tcJJLU! ^LJlc 
I , 4 ^j-5e_ca]| ^jJ! tilljj 4J1SUI L^jj t 4jj_43 4_3 j^U JuJl>«j ^stlil 

I £j ^) 4jjJ^_JI 4_l>.LUI (^L5Li_t_ul^juLti jl>- ^j.u.4_<.ul I 4_Li^ ^Jl3 

t jLSLl<-u'j jijLi jl>. £ja 4Jb^ Cxjl^ 151 4 Lb jjjL^Lj! 
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4_u3L>J JjL^JI £L3jjV! Jl>JI I JlA Cj^Ij Lil Ul 
4_3_uL>JI ^c^JL *4lLu jL>. ^ JlC. ^y-lc. *j «>»tl CiUjj^S 

. I Jev. Ua-u^aJ 3jLU ^ jr Lc 4_ujL>JI 3jjs j_uG (j I 

^jlscul j *•j <>*11 tjj-aJLnlij ^_5 e_l1 4JLjL^J! 4_u3L>JI 

<U 3 4j . 4_1^L>* 4_j_jGt_<_<j 4-3 -lIo^ j 4 " < »nj Jj->. CjIjIjla 

4 ( jJjLtlujjLt? mi Jl>.) (^j3LseIlJI jJa_3JI ‘ t^j?c_Lll jJa_3 l * \ ^_Lu La Jl1c. 

Cj^LsVI ^j_a- j_La_ujJI ^ \ C, l-Oj_a-C (jJLLaJj ^pJI-4_uj_xJaJI CjLjjjj^J! ££u £ l$ 
£)! Juu Lr^-^i o* 3uu ^ 

I CjLjj_jj_3 4_jI ^j_£La3G V i^_jjL5E_HJI jJa_3JI <■ 3.eaj ^_3eJJ! jLbt_i 
jL^jl C j_c ^Lu La La->o ^jG ttilLaJI »1 alf. <jru JaL_uJI jL3G£.VIj .Cj^LsVI 

jL^jV! ^jV 4 1 Jev ^ 3U ? *-. 1 *1j^>JI *Lj^_j£ 4j^_Iaj 4 ?JuJj ^JlH-JjLa 
( jfGljGJI Jl^I jj fc (c_J ju>Jl j£j_a <?L>ol Jaj)3 Milt 3_}1J,I J_j^ ^1) ^jLselll 

.Q^SLII 4-iSLjj GL-t_a ^£i \jj£ <_'JlLij 4_lluLu>VI 4_uL^_uiJI 

I , 4 <14 Mitl 4_b£ f^C. JUjG Ajstill I JlA 4_]Q^ I LUlaj 

. Jij_i_ul t * j.a.& .. 43Lev. 4 jL^j JLG^I lLILl^ i3^_a 

Event Horizon talAftlt 

IjJlJ jJJa-u-u 4 jI jJujj 4lL 113J! g-Lalc. aljj-t^JI c_jjGli]| ^JLl Jlj La 

^Vl c^iUI o! .OjSUI jlj—f (J^C.1 .. 4 _c^L3JI CjI j_u_oJI £j-a (Jjjia ^ Jl*J 

9 4_tSLLLl! j-AlJ-LaJI c_Jj-cl £j-a j —Cu u 4»1 a 4 1« «j-^» 

42Ll^U! 2ULi2]| c J | > LgJI J>U. V! 3 jjZtt 3^L^]l ^ ^Lu . <lK Oj^il 

t^yu\ 3 fit 3jLI 4_xSli3JI CjLc j_uajJ»l C^jJI C^5tJ-eal 1 ^ '& tj 

.(jJULdJI »1 a ir. (^ru 

^JLc L^_j L-l-Lj jus 6^ <_j j) 3^ tl 3j-oVl 43j3-v. 

j-G^.1 Jl 3^ . 1798 ^Lc. ^ Pierre Laplace j-oj CjLu3dLjjJ1 

^ **- miV 4_j_j 3L>JI 4jjJaj ^' J^itTu-uLj t 4_3 _l£ jJI CjLljjevJI ^j_o ^Lu_u ^J-GaJI 
^_i_ea_u_4j 4 _jL^ 4 L-Ll«- 43 I Jev 4 Tl1T^j 43^Li^ ^j_c ^_L ^u-uev. Ju>*j 131 4 jLj 
i_3^Levl . 4etJa_i_u I ^j <-^11 ^Tev- ^SL^Tu 4^j^a ^_tc, 

(jf VI General Relativity jj "mi nV 4^L*JI 4_u^ui]l 4jjiaj ^ ^^LjV ^IjT 
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L_u_4 i j(jLj llLLoJI s.L3jl! ^_d >j juLlj ^jLhII 

jl 3 jLo (^1 jl 3^-4lu V c.t-L5&j l_£_ia 3jLil cjjL^jI ^1 <>>Atl 

^-3e-j>JI J « Mil ^ jIjJLI 0Ji-A 3^-Jj * 1 ^3 <>n4 ^^itJ 3 ! CjLvjJ. 1 (j-a 

BjL^lU jlj-dJ ^LujLjcILII 3^1!! 31 3 -° 4JL*Jj . j>j_<_uVt l_jL3IlI1 

3^>*1j 4_j^_5e_Lll 3 jUlI c<.L>o LUlaj t i*1 3" 11 ^.LjijJ ^1 do! 

3^ L 3 JLU .4 jjJj 3 la l-c3!lH 4 _al_>. ^f) Event Horizon cjJl^JI 3^5 

. C-ULaH (C&JZz l a ^jJI Lo (jil . Jj_<_uV! (_aJLx)I 

(j-U-jJj td»jL>JI 3^ 1 3jLU 4_U*^ C_xZJ! ^-3CJ>* o! 

3 _« 4j! c^pju i_L&j. j!jl! liUj 4U nil ^ jJ! ^_^>J! 3 -^- 
1 m lr. tj^Vl IJ-& 4 mi^Ll^ ♦ 4 <? j 3~>iJI 3 j ^ ‘J 3^ 1 

c_c3HJ! 3J 4-u^eJJl 3^UI 3^“^ 4j 1 of. djj_^IL_o! I jj : Lj_u_3j! JLcuj 3' 

_j t*>3tl t 3 u~i) 3 ^“ J^3? Cr^ ‘-3*-^ 4_d 31~3J 3 j-II dt^jJI 3*4 3^' Oj^uVI 

tjr 3- <3 3^-lj i4jL*JLI 1 j 3 U> / z\ jJuj 313^1 I Jufc S (jdj Lcujj Lid Jl>») (^jjLseIlII 

♦ g. 1 j^-<_uJ 1 (_ 1 1 ^a JljL_oJ! ^j_uL«_uVl ^t^» / 1 ,! 3 ^ 

. 3j^3j t J I I 4jlj_lLs 3 ^. ! d-se-iJ I Jj-LalduJ 3 1 

cjju>J! 3 a! 3 } * dj j_>J! 3 ^ 1 : jb^u-uVl L-cSUil ^ 13 ^*! ^ * * *■ 

Vj ^ 3 ^ jL> ^^ 3 ^. ^-3tJ 3 ? 3^-4J Oj^oVl C-cTJl JiJJl>. 

j! ( 3 ^^ l^! L ^> 5t ^ 3^ ?-j ^-^*3 3 ^-j^ cjJl>J! 3^1 Lo! *«;j 

idsjL^J! 3^1 3 ^, ! Jljjlj »j) <>>t! j 3 ^ 1 <aKj . < > >3 "11 ^ 3 J 

Lc! . l_x23JI 3 <d. <3J c_j! Ju>oV! ^JlC. 4jLj 3 4_uo^3 di^lj 1 3 K 

^3-c* (_3! 3 ] j il_3^33 -u cjIjujI 3 La cjJl>JI 3 ^' J^- 

. c-cZU! 3^ tU 1 ^j j! t»l <>>3ll ^1 I Jljju 

^jJLc. s.Ldi_a 4 _LuL-^) ^-<-u_>J 4_u_u_lU_j 3jLJ! < Ljjj_u^j 3 j 

4 m ji n 3 ! Lilli t jj-uoj 3^. I Jljju j LtJj_c 3j)^*J ‘ " < m 

L^aL^dit ^jlc. 3 ^-^-' 3La ^3 3~^J t .>.11 4x.^_<_u 13 r j 1 " ^-3 ^ Ld^JI 

4_^_j>»I j_j ^jJI 3L-^-3j>.VI 3 -° 3 a ! 1 *Ua ojjjjV! ^«S311 4U >,>,1 j < 

i—a^Ljj>- 1 Luaj! jjj-sallllj.d»jL>JI 3 a! 3- 0 4aLtjJLl dul^ 1 & i* 

jj>>3 L ^ J^ 3 Jljju 4aL_u_« 3 Jj-<-uV I t / 7>", \! c__<a!j-j L<a_& Juv 1 , / ^ ,", jJ^j 

Luj-c 11 j mi t 3 J 1 jlAj . 3 ^jJLI UajLuj 4JL>^1 j ijr a < U 3 < <n 
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4_jL_j (J j -y"( < (i U £-o) CjJl>JI I IjlToe-o ■ ^ j j-Aj t4J CjJuscj 

^ «>* tl 4_c.j_<_u jj-uLjJLj I j_& jJj . Li, Lp. 1^ Lp. <« 

(jj* ^CjJLj t(4_uLlJI ^ jIa jL£ lJjJI 300) _}LL*_U£ oJpjJ CjJl>JI JlIc 
1 A A1^ LuL* ^ / -^ 11 ^J-LXJJ Jl- U U Jl1 < « /» «tl (_ , ^ |^J L ^ jJl <^<tl | 

.<jJ^_sfcILa j_lC 

'J <-^» J ■ " 4j|j3 j JlJ-<-uV 1 L-JlLII ‘ J gLu-ail lj LaI 

(_yJLc jL^ItAJ-l JLN. J-U-^3 C^9j 3jLc jJbj-Jj jL3fc_A C^J j^J.1 

4 Jl^_<_uVl C—cSHil J <Ja^LcuJI Mill (jL^ 4 ^aVI ^jsl^ * -^$-‘-°Vl t—ulUil 

>U ^y-JJ J-^» <jf 4-ulilpJI ijjZ StA 2 o^- *3^ ^LLu-u 

cj! 4 imi> 4_jI j-^j i LS-jL-u ^jJI ^L*J1 ljui.1 ^aj^Ju V \lut 

JjJ_^_A 4_J I Jj-u C1 j- 2J ijT £i &y£j^C> ^Jj .J ' • » J)J_<_uVl L_<_3 Il 1I ■ t*> A - "" 

4 Jl_1_*_J i^J—A -iI ‘ / ^ 111 ^ jJI I jLs 4 I Juk >^)_A 

^Lj j^Jjj 4(^0_4jujV 4_aLslII 4_j_u_u_lII 4j^_laj £) I ‘~'J• 1 A h 4. ^ ^>_a VI ^^_u-u 
mi t 4 i mi i? TLj 1 <A>j lj 43 j-u^ 4x.^_4oij 3j)U 4 i < m <Uj LLdLuj (j-c^JI 

(jLs 4^_yp.jL>JI cpSl^JJ j-Laj 4_^>.j (j-c^ IjiSLaj .SJljJlJL 4 T ujL>J 
LLsI—lj 4jJl>. ' (j-° I <>K 4 Jij_4_4jVI c ^lll ^1 4_5 c3j ^JlII ^yaic-<tJI 

Cj Jlj>JI ^_yJJ **■ >^‘il (J_<-^j 4^_yp.jL>JI Jl^IjJU 4 i < <i (tL 

^pa-re-tiuJ! ^yp-jL^JI Ju^jIjJI ^j-u-u LlA . LaL^J i<LujJu 

4_LSLij 4 Cjjl>JI (3^' o-° j-Aj 4_}j_<_4jVI <^ 1 3"II ^_yJJ uL^jL^JI 

^_Laj 4_^p.j £j-a l_3^j lUjI^JI ^^-saitufa]I (jV tiJJLsj /1 At U> a 4>jLpeJ 

^jj 4 _jJL$_*J! 4-j p-Lcll 4 jI ciJJj / ij~j tA, < (JllLa (^jLcuJ I Jlii'ui 

_}JJlj>.) CjJl^JI (3^1 (^a jtLuaj *J-^3 ^1 4 jJj ^_yp-jL>JI c-JsljJ,! ^j S L^ T u 

4_ujL?dlII «:lj_^J>JI «L>.|jVl 3j_&LLiJ ^y 4 < Mj La 4_ ( I < tt\ LiJUliJ t( Jj < <iVl C_c3UJI 
. Gravitational Red Shift 

L_42_jiaJ! 3JLZbl 4 4_U^ljtI(JI £.|^_ 41 >iJI 4j>.IjVI 3j»aLLiJ JlXHjIJJ 
LjJLIa ( B y-£) g-j «>. tl j.\ is* * (_jjJLdl 1 g I ^*4 4CjU.jJlI Jljiol 4>Uol 

3j-jkLli jl J>j-T(-<-4j CjJl^JI (j_o 4(»j) <>>!! 4 -lLc, aJ, I j lLsjL^JI 
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Jjj-ojJI ju£.j c-t^ljJ.1 0 !jj (^jJ! ^LuiiVl JJLu_uj 4^*tjV! 

i^l <j-J ^ <ly*J *4-^L$j ^ I ^ 1 " 11 " 4^*1jV! ,j\Ja cjjl>JI ^\ 

j_-tj t 3jtMl oL>ol) «ilj-^>JI <l>.!jV! 1 4K 4jlb j^>-T »u.j 

j_5e_j t ■L 1,« 11 tjjuz Jl ^\ 9 U,\ Jja LaJ£ i(^_^>.V! 

. J-££- j LaLaj CUAszj t _}j-<-uV! C-Lild! 

c—cSnil ^jj .j « ■■ 4 jLj Jj - <>4 iLUjl^i! .^.ti ^.Lu 

j*jJb 4_j| Jj 1 m 4 ^^jLkJI l-JsIj-aJLI 4mm <IL Lai 4 JJutA cLsj ^ jr 3 _}j_<_u^M 
.cjjl>JI jLujv^ V cJaj 

^ I r. La-&M^ IjlA 4jL>-VI Sjjj*. Lc^jI < »m 1 LlAj 

^j-u-jj 4(jrW ni (jV 4_dL*JI 4 J u n f tl 4j^iaj 4. ( 1 n-v. 4_j 1 jLl^Vl (jr 3 <jJJlU .Jp* 
( _ jr Lc. < -^> -*■ .~.ll rj_a jL^Ls . 5?.l »>^Atl j | ^pjjJL ^JlaIIj L^_l£ J^lLa-A 9-^jlu lLILlA 

♦i£h? ^ s mm ^ Jp* 

^ « 3^1 f 4 _ljj_U lC. JjJl>JI ii.Llj-( t> i t .)i'>«ll (Jp } JulC. 4j 1 t( jV! Li ^ >^~j 

(j_A l s ^J $ ^ O -4 1 ' L7~ l ~ > ' ~.3 ' ^ ^ 4_C.^_4_u £_Lu (jl ^ < >1 ^>iJ I ^ L - _}1 

4j^_L_lII 4 . «1 m < v-4jjUL1 ^1 1 m^vVI (jl dt-cvj . c-t2ltil 

I ^ L j_LLU CJ JL>J1 (^£? (jL^ i 4_L I 4 ] 1 4-C.j-t-uJ 1 4>Jl-& (^ij J '-^ ' (jj-4_u_cali! 

ijr Laj^ L ^sr , 11 j 1 m Jj 4(^jj>. | 3j_c ^jju ^jJ ^ mi->JI Lkljuu IJjl 4U3\j ^L 

.J>J_4_uV! L-cSHil 

(j-^a—j-S 4 _}j_<_4j V! t ^ CjJl>J! (_^ 1 ^-L_«_u I La I 

4 L_x2nil ( jr ^ ojl>ij ^yHil k-ilij L«I 4 L&I^j (jI (_yj>-jL>JI jlusIjJU 

.CjJl>J! ^^l l ^j T l<- ( .l<u ^ IC a 4 Hj|j ^jl (^1 L^IbJjj (j_A ^jSL^altJ (jl^ 

Spacetime Idea 

i(jLSLl,lj (j^ojJI iioL»J! 4 jj mill 4jjJaj (jOjiijjl t jl«~iiiil JLaJ 

(_^l ^LajjVlj J^iaJI) «L»jj^I jLau^l lLsLujLj (jI»Tt 

(jlj lLsLjjVI IjL&j .CjJl>JI JUJLxIlI (_ T j-oj 4 _jjI£Lo l1iLijIJl>.I 4j^Ij 

Jl «<^ jj! j~ c .I (j£ L«j (j^ojJla .(j_jSLI! 4«jjti njl£Lilj jj^ojJI 

jLt-jVl (_yi£. LjJj^£. (j-aj-ll U_J^i (jl Jij V tiilj (<UJ (JT^-Ij ij-j|j 

.(jlijjVlj (jIsjjlIIj Jj-LJI) 4_l^LJI 
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pl^gjwJI ygQ ill Q£. 6j>^ao 


Curvature (jlSUtj 4_al*JI 2l_u_<_aij| 4jjla_<J! LiajI 

Cr JLc jLlI t_jjL>0 £jllu 

♦ ^.u-^-cu-U ^ yl5U I I ^Lul 4-^1^ ^jJ I 4 ^Lv 

~ L ^~) er-J j_L_SJ! i 3 \ (j-3 <jL^-Mj 

i-ilj-LsLj _il_i^_J C-JjL^-JI 1 JLA ^>£LI^ • l-i^Ji^fc-a 1 1 < 3*tIt ( JlLjL tiujj 1 i' mi 

^yjJI SjUI (j? Cr iiu Iju&j iSingularity jjj-uVI t_«S~i11 j£j-* (jj# Lii^pjal LtK 
i ius~i~j . j^jJll (_y^ 4jl-£j V La i.Vt (jl (j (i j lU« l>lM <IjjLgjl 

(j^ojJI L^-i 3 i U l~aej cLaiilo 4jLi i _ i a ~11 <LoL*J! 4 j j i n itl 

l^J abL^j V 3 jjS C/ji4jjLj_mJI diLjjJkltl I Jjjjejj njlSUIj 

.SjI^-lII 3^UI iaLUsVLi JLo JSLJu ( _yl£. 3-ujL*JI fjja 
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tl^gjuuJI . .gn’.lIj QJjSJI 
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pl^gjwJI ygo-ill Q£. 6j>^ao 



C.SM1 :(40)JSLi 
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Black Holes MAmJI jjftJtg All 

Tides 

i—ua l ll ^ (jrdjL^JI JlU jlST 

^ic. jLj>JI 4_uIiL>JI jjjG 1 nlf, i J)j_<_oVl 

(J_>-lji • Ujrt, ,,U (<l2jLc jl>.| ^JLc 

V L^_4 . l-j_SILII 3 ^ ^_3 cjJl>JI 3 ^' 

(j_4 t > 7t", t I ^J| L-JjJst £)|_J^SvTu-u 4_USjJ9 (j 1 4_l£ lLLcu 

4JLjL^JI 4_lj 3L>J1 3^ >« Liajlj t4_<_ulj 

. 4_<_u!j t_jJ l>o 3j-3Jl ciJJj J&] a_j_a Ju3 t_j Jl>«j 

j^>JIj jdL (jy-4-t-tij L« jjfc (>3^1 (^uLa ^ 

Ijl^J .Tidal Gravitational Force ^jLsdll 

3j_u£ LJ £y\K i mU *JLjlJI JJulLu_o 3>^ 

ijL« < «3"H j _>.lj Jjl>. 

jl>.G ciJJ3 ^L<jIj . j^JLl La^Jo-cj cjJu>J1 3^U 

J \ A 4-^ < -U_-V J^fc_<.u_L3 i 4_jlc a A <>dl < <_} J_>JI ^ 

(j' kill 3 J-UJJ ‘(jAj-a J-^- (j* cPl c '-^ e - > - 

4jIj3 CjUj^ 3£L1VI JsaJHifcjj tGljJj JscJj 

j J& i tillj J_l3 ^SLtuJLl cjj) 4j mi j_lLGLjj . L$3jjjLi 

. i_dJ 3 4-i_l<-oj L«j a \ j U *'>>■ i> 

<*JUJI 1 jufc ^}Ls ^ JjVl J^UJI u^i 

J-U Li-oL^ *■> III U (^Ljj-mll 
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. j_<_uVl j - 3~ tl ^j_a (^jLjlII ^ < <i>Jl U.l£~ 

^ya^-Ca} ^_<^3JI ^_U Lib t4_uJaj VI 3^£LII ^_La_<_u 3^ 4i3j^-*-« 1^ JlXI 

(^1 V .jL^jVlj jL*-lII <^ 3 ^. t^jVl obj-^i 

‘ - ^"• 11 <_jj_3JLj Lot ♦ 4 j 1 f. 4 jL*JJ t Laj-uLj 3 I 31 ^jL_uJVI ^Lc. 

. .ijJua* Mj 4ijl_A jj^Jlj Jdl iSj-2^ t4JL>-lj ^ j? _}j_<_uVl 

1 _ij-<-uV' c_<JiI(JI L^j j-j-g-Tu ^til 3^_&LlaJI tjj-& j^>JIj jJ.1 j-Juuj 
CjIjLjlJI 4_jJI <_j Jlj^_Lj UJLua . 4lu_4j I j _}j 4lL3l>-' a L^-Bjj-to ^jJlj 

4^>.j^ j_3_j^_j I Jl^J 4_5e_p_t£j 11 ^ U ♦ <>>1 jj^>Jlj jJLlJ 4_u3L>JI 
4_»— t!ul) 4_l—L-t-<-uJ I 4-t-cu VI 3^-° 4_jjLc. 4 j 3 LLa ^ 3 ^Ljl^I I ^ 'f jJ c£ljl£ 1 L^jjI^jv 
3-£Jj t-ij-<-uV I (. < 3~ II 4_3j-*-a L 4 ULSIII ((j-^l 

LijJLj 4_L-Lt-<-uJ 1 4 _juIuVI 4jI t LuLt-gjv Jl>>G £j I L-j-Zt-i 

&i\ mYj* 

3>*^ ^JljL^il 4lLujLst^ (jlSLUj ^j-cjJI ( jr 3 _}j_<_uV! <-_x 2 lII j3Jj 

(_JjJlILj Cuj3 jJI ^j| 4<_y>-jL>* J J ‘^1 A ^1 4_U3 Cj|jLj,Vl 

t J^_<_uV! ‘^'3~ 11 j-A CjJl>JI 3^1 ul * ^ 1 j~j ->>^1 *.' 3~ 11 

3 jj_j t j_jV| ^1 ^ 3 -^aJI (^‘Ul 

Jl-4-I L* -JJ c^JjSJ\ J< Ml II JLitjj CjJl>J| 3^'j • ^JUJI ^1 SjijX. 

C ) ^y-^-t-uJJ . 3j" 1 '-^>11 Jij-i-u VI L-X^nil c-j-t-uLu-J 4_jV 11 y _i» is> 

JSLI tCjljJLo ji-x^ 3 ^1j_Luj (jiLLfujjLj-<1 ( Jljv) 1 <>n 1 cjjl>JI 3^' j 
^.u-4-JuJl 4l^ Jllol 10 4TJb$ j_Lu ^_>o 33 J> '- 3 l-^i (^1 *I 4±^ 3^ 4_!u^ 
(10x^3) jIa 30 Qj U4 x ts> ) CjJl>JI 3^1 t ^j-<-ol < ^ <<n ^yJI 
- ^J , „^tl ,'^nW lSj-i -^1^ V Uj , „ , tl 4_2wL_uJ,I 
jjniiU . t ^\1 111 1 1 n4 . 1 < ji^VI < / /»<t| Lc *>-« <1 ^ 3 ^ Cj Jl>. 11^3 

4_>.ljVI (j- 4 jjl <^>ll g-j) <^>ll ! Jl-u x I Jl>- 

xcijJ lj>JI 3-^1 Lh® tiilj i—J^ILal 1 4 K 4J-C^*VI 33^^ 

JlJv. ^31 4_ualx2J ^J5eJjl 4 _jjILSj LaJu£. 3L?e3j t 4 _^l«_x3 LlA c_3-lUJI 3j)tr^» 


I9fl 






4lLujLw ^tcJJI ^aJLaj J_La_u tCjJi^JI 1 ^j_A ^_j_i^ 
JJl_UJ . JL U U ^j-4 Ju-^lj tg^Ujtl J-jJ) 1/VfHj ^yZjJU L^jL£j JJl-U 


.cjju>JI J-u^j _il£L Lajiic LaL^j jl4^>«j (j^i3~fl ,j\ 

3jL> ■ U>jU>^ I JlA Vt jl J 3 aj 

jlj <7 a jbj^4 La J '< C, ^^aJLSHJI Jla-5eILu_uJ t^jjljl _i j-t-u I j Jl_u ^j?c_LII <j 1 Cr^ 

^y-J I ^ ^ 4 Cj UIJ_Jij_£ jjLtTu ^y-Lc, 0$. J_UO ^-JuJ l (jVj . £ |^_3_>J I ^IjV! 

»Lja-3.H ^1 a j) <.M1 (j-G ^>->*! ^3 e_(JI 4_l 3 ^jJ! cLSjJl 

^>«J ^j_A ^-<TuJ ^jJI J-LX-V! £)l t<C(jjL>Jl <L£Uj! CjLJjjJI 

0-* ^ui ^ ^lj 6^- LLqj J^Uuj t ^-ti.4-tlui 1 4-lTt^ ^LLa I 10 4TlL£ ^_Lu 
^ r i ts\ j 4 t JlJLLIjjI 3 mi j-La_3 L-a-Lta j jLlscj <jl Juu ciJLKij 4 3 Jo. IjJI 4_uL<Jl 


^ lc. J^JLLj I Jl^Jj . 4_i^JL3j j_4-2eZ<jj-£. j_ua ^1 4-CLt-Juj ^jl*J-q^1]I ^tcJJI 

.djL^elU ^j_?c_lJI 

< ^»3~<11 Ijjjo Jl<u cjjoJI JpsI I 4_3 jL_JI LTl^Lu ^j_a ^ >^>" < IjlSLaj 
<? Jl_& 4 'J' ^ 1 LiJ 1 —La Cj Jl^c_) < o ^ I 4 _j jj ^ a ^ ^^ t J)^-f-uVj 

Lr^* jL> n CjJl>JI <3^' (j-° Lb^Iifll L<U£j t«;j-UaJJ CjLjjj^ 4jI 4 31^ rll 

.^j-sa-dLiJI jLkJI Jo> I t Jj_<_uVI c-t^ILl! Cj Jl>. (3^' I . Jl^eTu 

JiiwLJj tCjJu>JI JlIc CjjLstJ 1 !iLc 

4j^Lj Julj c_3_3j CujIj tt_j| j_jVI Jl>. I jLl>o (jI JljjJ clLl : VllLc 

4^L_uJ,I l-a-uzlj j_Ia_3j c_jLlII J-usj (jl JlJjJj t4_Lo jllusl 

I JlSLaj tt_jLJI j-stj jJlil cJu-^ajj IjILa tiJJ l^LILjj 3jU->JLa ..3j_c 
#J lA Cj JljQjI La Li I I Jlj T c_jLlJI jLL>o <jJ ci.L(SLl J ajJuSJjb j_^_j LaJl3j j 3^»” ■.. 

.elL^ju* Jj_uojll Laj'- i-4j3 u [' 4^LcJLl t-3-Gaj j_L^-3jlcL3JI 

4juIjJIj Ij*; a ft < mi 37,5 <gJLU1j l^"i aj"< < >» 75 t^ 1 i3r«. >. 4-uliJl 3 ^ U4.114 
CjjJll& U^-A 4^Lcu_A L-3-t^aj jl 4 ^L_u_A (-dLuk Laj^ Jt^j r (|J .. A ft'( mi I 8,75 

t. 'j"> 3" ,,. clLSLI j iC_jL»JI jLlc^I ^£i dJL^Jafc ( 3-3 ->o ^jJ ciJLl ^1 . <_jLJI ciJ-Lu 
. 3 1 L* 3 a 4_La 


J^xJlj La lLITli^Ij-a JlIc 4 4_3jL_uJI SJlcLaJI <>JlA 


jl i_ijJ l>. >L ^LjjIs JlLLj 4jI cJJ jJh < m4 4 I < ^ * 3Mf CjJl>J1 J^| 

JJl_LJ 4CljjL>Jl ^j-A ^I LaK ^j-AjJI JJj_A ^_A 43^^>. JL> M 
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. ^^>»jL>«J! Ju^ljJl jlsu La C-<-3j LaLa- 1 ljLc^e_4 

GL^a jJ l-lj jL^ t Jljju j-o c-tSlJ! t-lalj-i ll£ lilj 

^£ljJI j_a jia^LuJ t jJSjJJ 1 JlA j-ajJI lJLBjj 3j£Lb jl itt-cv 11 Ju>. Lujl. 

«^JIjl!I Ij_a j-AjJ! jjt/-^ 

;sp?4jJf X^alt J**-i U*i* 

4_J I U~ mi ~ < Jj-luVI c_<JilJI _}j JlJv jjfc CjJl>JI (jI III ^-lajl 

j^j-a j-^j 13 j! <- r t^ej 1 ^ K tj t^jUJI 4JL».G ,jjia c_jj-^j jl diljLil 
CjIj^ jSLlu Cj JlJ>JI I ^Jl «L?eI(j £J «>*t| j j 1 } jJj . Jj-<-uVI * * »3~t| 

. (Wave Front <L>.ji,l 4 -ajILa) ^_<-ul 1 ^jlr, J)11 *m aI Jj^u JsaJL 1 > mjjj 3j-ti.ua 

3jG" t-u jTlj a 1 J>j > M 11 4_La_3_<_J 1 j I Jlj>o 4 JJ) < „V 1 < / «11 j- 4 j-u£ Juu ^JLc.j 

iCj JlJ>JI a j-lail 3 j£ jjlo _}jj*^ajj . I 4] jlajjuj 4 JjL^JI «LujL>JI 

. JjujjV! t—tllll j£j^a jlj ^Jj ^jjHI *^<G~.jJ 

J»t* 

lHajJS jJ < j 3*t11 j^j^ Jl>-jj ^jJI La Z^JaGuZu jl (jV! Ill 

L-t-dlll ^J1 ilj Jl_>JI jl.Lt>. I L4 J j£La! jJs a j A,,, lIJLLa j I 

. j^jil JjLfc t rtr<M t-JJ l>- M r (( L^Lkl 

l_jJlj>JI CjIjLjj ^jj$ jljjj i L_xllJI j^jjA j_A l_jj13j La-luj 

.j^jil ^1 ^Lji^ jl iLsLA-i (jae^uJ L^jI i _ 7 l>. 
Jj i mi" ijr lc Jaju jL> t3ijL^JI 4 _loL>J! ^JlA ^jLoj jl 4 m3 mi t (j£ Lajj 
i«LcjjJLl 4 _j JlJ.1 CjIjI—lTlJI j—ljG j-o t-jjj^i] aJjLstA 1 A ^C_jjlj-LO 

4_a L*J I 4-Lu.ulil 4jjlnl I 111 ^ Jl3jj . cL jIUI j- 4 l^jta. ^_Lu Jl^ 1 1 Jo- 3j j a 
jj>o (jylil a 3U> < 11 lLUj i JjjjjVI l_GU! j£, j- 4 {jr £i Juv jj La-C. 3j£Ls t j-CttuljV 
. Jlc 4^Ju-aj V La j_aI jiaJI 
^A—*?e->H ^JljlIj C.<-l>. L-<_3lJl 3 jLa ^IjIj j^jil IjlA Cr^ 

^ jjl>JIj jJl! tiiljLuj iS^jjL^A julL 41&lfi£ tj3i^H LjjL^a j i^>jj 
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■>*uAJI uajJI JpI* 


3 I U,l_L> 3 »>* Atl ^JLc jjjG i£\ 4J CjJl>JI 3^lj • 4_uL^j 

c_jJLHJI ^JLc. L^l 3 > t^> »j ljubj . 1 3lU> a 4_i_a 3 ] 4JL>.Jlj 9-^JUi 

. Cj Ju>JI 3^1 4 U < mIjj 3 ^ 4-ij-<-uVI 

4 Jajj*- < mU 3 ^U! £jj 3 K Lj I i 4 l<Jj_<b JuLL J>j_ 4 _uVl c_x 2 IlII ■ It 3 . -j La J£j 
.. 4^j)^-*_a 4 _uL^_^ 3 ruljjs 4 jI Jij_^uj V <± 1 . 0 . 3 .* t—«£^iJI 3^-^ cilJj 

CjLujj^. ^j_a SjULI 3 I O-o- i3jLa 4 jI jjuuqj 3 ^*-*-* V _}j_4_4jVI c_x2Hll ^ 3^ 

CjLLos ^aTtifcj jj_l3JI lLUj 3£Jj 1^1 <^3~ diljij 

cjLsLLJI jl oL>.jJLI ^jla 3 V .cjLbLU jl cjL>- j_a tiillA 3 j£j V t3jU! 

Jl>-jj V tillli t4_Lm-a diVLse-aj J_«l jju Cjj_uI I jl *3^11,1 jj_a C.<-t-uj 

.JjUJI t~< a J^aiVl < > < 31II ^<lf, 

^ U"j-j 3 J L^jL^ t^yjLJa-jJ' 3*111 I jab 3 .* Lgjl^a! jlj lil^ * 1 $ 1 a <_jj_3JLj 
(J-JU 2 J <0jL*> 4-C.j-<-aJ 4JL>.1 j 3 j 3 ' - Jj 4 (cij Jj>JI 3 ^ 1 ) Jj_i_uVl C_<_3l<JI ^_La_<_aJ 
3 jLU 3 **" Ml " j_4_uV' c-aHll jijyfl 4_uL^>}U1 4_ujl_>JI Jl>3 

^ 3~ V) (it Jj »L^a.3JI -iljjj t»l <3^311 4 m3 mi t 4-jjSLU 

£_aj -i"-"<*"& i~,s>~9-,,. 3 J Li Li . c_*jj-C j_al Lab Cj Jls&-u-u j . 4_uLii! ^j_a 

V 4_j| Ja>. cJaLaaj J^ 3_}U.! 3 ? ^I t L^j jL^J 3jij^>»j_a tiJJj 
3-« Cjlla a Lulu VI j-iSa 4_u^aSUVI ^abL>JLl ^ Lj tj^>- * L^3j|j 

dc5tj_asl JlS t Jj^oVI < > « 3"II 3atf. ^1 CjjL^jI ^jPil 3jLU 31 .clilj-it 

. L^L3j 3_}j^» j_a L^jl VI 4_uj_a j_ic 


^j_?e_Lll 3Lp. 4 g l^j-4-uJI 4_j j_3itll LlLlL>o iJT £i j-gTi-<-uj 3 I (J-J-3 

^jJI jLiJI ^ l^t ♦ aj ^aaeJJI JJ^L_j_a CjLI^>J J_aa : L^Jj-a ^3^ 

4 /^Ij 3^ a ,34 1 J^^l 4 jj^Sa 

d-djJI j ^ LgJL^ 4_l_TtSLll Ojllijl Lai^J . 4_La J^jVl j-ooLulII 3_a 3 Uj ,,, 1 
3j_H» <_ 1 \ 1 n) 4-lSLaj 4.ti£L!l i^jVI ^-5e-cll 4_L>.^_a ^L^jV ^j^LII 

3^-a 4 TlL^ ^a_>a 4,1 U." \a . Ij <. *< C^3j ^J^Lt^a jL>ol 4 4H_u3L>. 

CjLlLo-aJI 3L*3-4TuI 4jI<Jj ^ T t ^ . ^USaVI 4 j! Jj 3 -^ 3^rJ^ ^Jl^.u-g-laJI 
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4±£ I ^_>o La-Lu i«LAs 4 jjI^_><JI 4jj^_lII 
<Ol:£ j_Lu ^jJI Lot.3 jJU <>jla < 3 4JL».jJ,I »^U3j 

Jl^w ^Jj 4 _l^JLoj J 1 a.ilf instill 4 _jjj_<JI Cj^LcLallJI fj^uj 

l_AJu£.j t4j^La 4_>.jJ u?j^li ^1j_>. 4- ix l jJl 

3jIjl>JI Jj-ssj LajJ^-j . (^jjJJI ^LaJljVLj A 

L^O J I d f l 4 4 j^1c 4^.jJ Cp! u* 

j_^LLc ^1 Vj_=*l3_c (^jl(^J)>j ^ ^Uojl £jLj 

4_jJL*J1 3j!j_>J! .U x <>» 4_j^ JjLauj ^JlI! CiSyi ^jyjLj pj . (J-dJ I iSj ^' 
^atlll Ji-Juj lJlSjUj IjlSLaj t4_ujL>Jl Sjja £-A ^jstill J^t-i 

*?-j <'^\\ ^-JuJ ^1 «>sAtl 4JLL*_4 2UIS ^j?c_lII ^ J ><^-t-u-UjJI ^_jLHII 4_L>-j_4 
OJjjBj (J-^ lIIJL^JLluI Ju3 0>^ jO^fc-2-II 3Lp- 4 jL^j . LgJjba j-A LaJj^j 
^.L oj^li 4 _LLsLj Bjlj^tJ < t^sl AW VI . ,.j ^jj t(^j^-til 

tB^-uLc^ 4 jjv ^_5c_lII l£]j 3 I jjj . i^£j->~ t 3^a ^Tu-^Sx-a I j5l.Aj 4_jjvjL>JI 4_jI_3_lL> 

<jV ciJJjj 4 > ntf*i £)l t-u < in C-t- t ll ^ > n->JI I JlA (jLs 

C-tiiauLrejl jJ u G ^ g*n n j < n 4 (j-C, ^Hij V I JlA J^LscjVI « t*»« *>» 

3jI^l>. 4l>»jJ 

^_>o jl ^ 3< S^-jJLx-saJI 4l^j| ^jseJjl 3 Ll>. ^ m j 

J 3 3j J^L^_jVI tU ♦ <>> tjriAA Jl> - 4_b^ Cj jlj I jl Lsl 

L^ ^_5e_Lll 4_Lt5L} uLal 3*1^VI U", ,,j V IjSLaj J^3 <_ > \ < n\ 4ij♦ 3a 

. Jij^f ^1 (tutiJI (<U jj-aj *(_,-& 
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frjl 

<—1 j "i 11 jLscjV 4 j a K > a JjjJaJI (jl jJljJ 

of o *- 3X1^ 1 OJL^I . -...^ -Isj.-tl 

4j^Ij £jC. 1 JujJi ^ddv ^j-C-CLiJ^-U 
»1 gif. Jj 123 ij pil 4jjjt_uaJI *(j «a Mill *Lb£JllLal 
. L^UjJu 0 ^- 4 ^ ^ &jjb (jl tt-dlail 

^JJJl^TuU cJLiiJ! g1 4 \ c. Jjl S L^l ^Jj (jjl 1 * 

L^_x£ *\±^uA\ L^jJl>o ^pJI jIjVI ^^lc 

c-jl <?~i tl VLali^l (JJLlA tjLj ^jjJ jJoj ^j_aj 

- t? \ I A t 1 |_A L^Lc JlJ_<_uVl 

tgl JjojJI t_Jj_^i(JI (j-C. jLVl Lai 

L^ia t_j jla j La J£ ^LglJI 4_u^JlII L^jj^ ^-^3 

^I-^jL^I ^^Stlll Jjl>- L^jlSLaj Liajlj t^Luil (j-a 

. L 4 I^>. Ijl Jl« L 4 I jL3fcIu-Cj|jJ.I (^J^Lo-S 
^1 <>sAtl J) 4y r ^_tC _ij_<_uVl C-JlLJI 

9 -^juj JJuXJ LaJu£: ^j-5e_L!I (jiaju (jLs ti»LUL>J! 

' ^> 5 ~ 4_j I <j_laJI c_<JLcL£ t4_!s JlJ ^j-LUJ j^£Laj V La 

J_jL_3 <_^lc La^o Ju-ajj I lJ?-^ (jSJj . Jij_«_u I 

4_jL i i_3j_*_j j t(4_uj_uaJI CjI j_L*_a]l t_sVT La-ij) ^_pe_<_u 

^y-3 tlJLLA S^j-a j-j-C La J^- jjJj 

J1 g^jir. <LL*»^M c-jjjcj ^l_Lt_uL-uI £)V[J-<_u ^-aVI 
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S |J | JLA 4J jLSfcTu /A-Sti! I (J I - 

JjjstjO ^-J-C ^-<-o-'v. jjfc ^a-3e_lII (jl j_j ‘ ^ - 

LoSLaj ^jJI <^>V1 ^-?c_lII aJ-^ 3 tjJsa_Lll j Cx^Lj ^>0 

<^>VI ^A-atill f ^jU J-lL^Tij ^ j_3j £)| 1 nlr. J-*-o]| £)J& ^L».}LI 

£)l jJl <j| jJl 3 J.C. £)_A (j^SLd-^j-O-4-tlJ I (Jj-A-^A-SC-tJ I (jl tiJJi 

<jljJVI (^l 09- J-cId Vjt JLtJ (jf 1 nlf. ^stlll ‘ j_3j ‘^3 ^ 

. Lilli jjij) <<-Vm ^j_3j ^u L^jL>-j_a (JjJa <- « mi^v 14 3 h ->iJ» I 
4 3 j U ^J- lL> iJ (j_« 4 -lIc. Jj) i^^JI ^A-^e-LlI (j-C 4 I^jjla JlJj-j La (JSLs 
LaL>. 4_*_JLI-CjLc.LjlH/ 1 3jLa£. (j_A LfcLaJbj I JjL_ujJ! i4jjJj 

a!j-a^>JI C.<_ > iJ 4.jl_<ai^Ij aJ) <<MI 4_*_<iu!j 4j^r < m 3 nil 4 j m > nU 4_*_t!uVlj 

a! Jjiull ■ Up U-^.11 lIHj jJb ^jjje-lII t 3jU j-uu La jjt^!j-4j^jjljJ! CjU.jJ.Ij 

dU tdil jJLj (j-\_*_A QjJ ^£1 £_Cij Jj9| Iaj-jIs (j 1 JjJ 1 4 \\ U~n ^_^U1 

mi j 1 1 u <^>4 ? ^i) ojJ-ii lh 3 LhfW-y 1 3jUn ^ i <jjJ ^jf 

<- « 1 t n ) aUj^uJI * UjU-^.tl eJJb Jl>.jjj . (<j^_A_J| w Lr^i) J-A3.V! (jjlllj 

£-2J_A jjL ld AJ <Ull (j/Vf a t 4 LjIaJI ^A-se-ill Cj 13 i U ^ jr 3 4 _usL>. CjIjJ (j I 

. ^1 Sj / >. . UjU«>.C t 3jUtl ^4 .j^^1 La 
JKM il J-tlstlj SaI^j-^I 3j)U->tJ1 ojJt> 4-lLc. LlIju La (3^-Ij 

t a J-ciaJI I JL 4»4 /11 ja Cj \ I 1 i /y \ / ^ 1 Nj , tl . Uj U 11 a.IA 

.Luminosity 4 _jL*Jl 3juij 4 _a^c^j ^j?c_lII 3jIjj>. 4_>.j_} 4^j-*_a ^3^-aj Liajlj 
^3 ( j-«j *4 3jU JSLi jjl>3S ^1 ^ < tn^jJI J-aLaJI ^tlll 3 jIj^ 4_>.jJl^ 
. Spectrum Sequence ^ 3jUtl j_jLhJI u a < <n ^LLaj LT b Jl3^ 

idJJLU! ^aJLc £jj-& (j -0 ^ ^3jUU JoLtlJI 

Jl^j . Qj) ^ H ( j r c. 4IcjJl>J1 CjLjjJ^III 4^_3JI I JJt CjL^I ^ylc. C.<-dj Jl£j 

O B A FG :4_JIjJI 4-lLu^UI Lj-LLuj \ in La^- 4 j3jUtl ^Ijj>L1 ^_aj 

Jl_jJlj>o (j-A 4 _uoL>. 4_l3j_a ^lr. Jju L^-La KMN 

t4 j jjjt-4-u ^>5=-^I I O JjVI I O^ ^ ch 4 ^ 

. 3jlj^ ^1 j^ mm4 N La I 

(J, j * Mil l ^AJ>o (JILa) A 4—lJj-a ^j-A ^ae-t] 1 3jU Ju>o t(44) j£Ll/ 

4_jJLc ^-5e_(JI SjIj-jx 4_^vj^ t aI-^J) < m tl 4_t^ ^3~r^j 4 (4_uLa-jJI 
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(^j .1 g Mit I J!i-a) G 4_a3j_a ^_5c_LI i I I I Jl>o i (44) Mil I Ij . I Jl>. 

q-C. 4_>oLj mmII <j_a 4-LU&T(j ^^-11 aI^1 3jU!1 |j 

» .(J «l 4 Ml tl (J-Ii-4 3^Lc JU>.JJ ^J)J < ,,U£ Cjljli 

j_a Lg_c LlI t ^ i ^ J.JL^o ^£LJj 

(^jJI Jlj>JI ^J1 ^3jtMl I ^lc ^jl3j t3j_L>.VI cj!j_L_uJI . 3jlj^>JI 

.4jLlX j! JiiLaj LJa_J ^_7eJil ^sy>- jjJlSj 14_al Jl3cTl<-uIj .^5LaI 

(jl L_3_X^ : J-&J ^jlliJI JlJ-<_a]t C_<— LJ> Q (j| £)Vl Lu<L^ - 

ijlxl <L>.j.} JjLstj <jl Vjl 1 nlr. . $C^L>. ^>«-J -ij-3e_a < (7i") j_A 

✓g-se-L^ 4 4 _jL*J, J-o LtiaJI ^-5 c_lII 3j!^_». IjlA 

Jult G 4_uj-a (j_a ^>«jj t3j-c 4 jLo G 4_uj_a ^j_a LjL*J, Jufjl A 4_uj_o 

✓gjseJJl (1)' L -^J JLi 1 . Ll^j I 3^-a 4^ La M 4_u^-a ^j_a ^g_>u ^j_a LjLaX 

Jij_a 

^jl j_^LlU Ju^jJLj Lt_£Lgj ^ILv 4_La 4_u^_£ 4_bl_<_u_a ^JLc Ll«-uJ La! 

I Jl^J ^jLilaJI i _ r iiL J-a T uu £)! ^j-aj ^j_a J^Cu 

.jLj^ 4jJjJ ^ I uXifeTu-o I alit-H Oy-u t a mi^ 1 1 

Doppler Shift jld$* i^t jl 

t ^ -t 1 q g 1Jj-<-uJ I doj_La^JI j_a 4^»jJ,l oi 

* tjljL-a L^J ^J_?C_Lll £j\ _ijL>*J ijy I(JI tLkJU-OJ ^3il 

jjI jt 4 j>.1jLj (^j*u mi La 4 in <ij (jjU! j-tiuJI I Jufcj 

Lil^szlh La JlIc. JjvV /?.j i>> 11 4 j>» j_a <L>.|jVI ^ a < »n 

aJ) II CU-LJ^J .jJLjJ j' ^u-uLj 41^ rr. I Jljju jl <?L>o! 

^a_7 c_l!LI 4_i_<-.j_lILi ^Jj_L>l ^Jl_u cjU-jI! ^ju4> tCjL>-j_a jSLju cii^%3j 
Jj_Ld ^j_a ^-a->-Vl gj) 4_>.j_a (jl^ lij JuLLu ^.1x11 

j-a->*VI L-aalaJI <—4j>.|jl i4_ujJ,l <L>.j_a 

. Jul Ll j (^jJI ^5eii! 

CjL>.j_U j„V t"( i m 4 oL>ol (^JlI! ^-se-tlJ 4 imi (Uj Lai 

jl J-3-a ^-LtTaJ^ . L_3_jiaJI ^j_a 3jjV! ^l^ol ' “J J 

. JiLatHj*^?I j? ^ ^eJJI A£.j-uj ^J\ 4^/a_aL>o^I ( jy ^ I ^ 4jvIjV1 
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-a A \", a CjLj3j I ^jj?e_Lll Jo.I t A jU tillaJI a 1 a I f. Jo I ^La I jlj 

£)I . a AjAj ^Jjo Ijl J_a Jtitllj VI 4 _joLj LaJu£, 

(jojVI (jrU ^aastill j-aa LaJu£.j . (J^UI Lr^i ( -^J-s*aa-<-u * ajtMl JsDjlao 

^jojVI ^yC. ^aastill Jn La JlIc. Lai *4oljl 4aI «j ^ A-Ltl j 

4o Ijl£ ^^laf 1 ^a-JL*JI tillj j < «4 c^j a->JI 4 aj*4j <Jjo 4ajjJ a^~ 1 na 

. 1 AjL\tl ^_^oVI (jjiil j-^a 

^a-<-ul 1 a £ j \c JjlUj ^LLaa 1 a g *' a (jLaoa Jaatjaa LaJu£.j 

j^l 4 I** ) jjJa ^aoa jak ^Binary 4ojjjJil ^^tlll 

4_aJaj| tiJLt^ iju>J ‘ ^ ^ I JlA j-u^j 2 j V Ju9j ilia J_aa 

.^jj?e_(JI e^VT ijr i^. (JjoI CjVIo (jj-SJ i^joj 4 >imi ( J7 Io 4a}la ijr Lc. ^j T oa 
^yC. j|j La Lai i^La^l^ILa ^toJ ^ ^ (J Ja 4 ojJjJ,I ^^jse-LII U 

.L-t^j-a jl JJuLla ^1 ^^jJtlll Ja JlC. ^LLaa ^^9 jlOJ 

^Cja J^ojJI £)_a >y- 1 AA 1 ^_uu V t Jj_<_ul Lu2J Q^SLlI |OiJ (^1 0 ^l^ ^jl 

^aa ^j-aj i^_j jLstHJ! 4_!L?e_aa 1 tA> AA ^ ^_?e_LlL£ . ^Jj_a ^_tc ^jj^luj 4a I 

j—ljLjJI ^j-u-a-j 4J-^jjj-a (_^-ao«j ^LLbJ> ^j-a I a jo jj£a ^JlII-Jj^oVI a-J&JLa 
c« m i "i I 4ojJ>j-U ^atill ^LLij ^jl I Jl&j ijoVI ^astill 4£j->- 
^aoo Lr^* gl*H (JJ~ > >'j Cl<- o .aljj-<-oJI t_Jja")II ^j-^- Cl> j^-lU ^j^LaVI 

4^jo 4 _<jjIjJlj L^j_^j_*_a £y £Laa ijy IlII-4lLLi^ j £jjul»l ^1 ^ ^ *j V iJ7 _ao 
. 4 j Mia mi 4j^Lj ^ic, J^j- Lr jlll]| ^LLaJJI 
(jr^ ‘ 1 < ' ( lj Jj 4ojjj-U Jludj La^J *-^LLAj 

J>U. 4£fr ^s ^j_a 4 j^SJlI 4^.j_aoi,l j Q L**" (jl £)£Laa 4_uj_ail ^jaseJjl CjVIo 
-(^>■1 CjVIo .j-tuLJLl JlusjJLj 1 4) 1 mIjJ mi <4 c-J< „htl 

I Jjoj ^j_a Jj A11 ^ AjU. 11 J^LajJI ^ JiitlL^u-S JljjljJI ^jjjc_c1I 4_u_o1ILj 
. Jj_<_ul c-t2j 4_jI ^juzuj Laaj (^Jillj ^ a->tJI 

(x) 4*~Jt M It 

c_jj_SJLll Jjoj c j_a IjJl^LUj ( 2> c ‘-LLLaJI aLalc cLtatJ 

^Jj^-allll ^J^-aa ^J^. j-A ^Il^olj ^Hil CjL>j» <^ll ^Jt\ ^j-a <jl£j . al Jj-<-o]l 
^-uaal Jl^j . 4_o_u^ 4jjl_c Cj 1 ai lo 4 a 11" ^jLc ^coj ^ Ij Jj_<_uV! c-^aHll (jru 
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* 1 t-KHll £jja (j?- 3 jL-C. j| CjIjLc 4j| C^j^HsI IaJ 4jLj tillaJI »U1*J 

CjljLiJI 0 J 1 A .U« ,Ws U 4-ujUJI Jjl3j 1 j |t n" t 

tCjljUJI olxJt (U» t>> _}!_}j! UK g-LajjVI j^cTi t <mj jUjj 

* J^V! ‘ ' t \| ^ _lj ^J-Sk_ t-u ^_£ ^Lsj_iVI ^_S L<-u-lj I 

^ 1 f. 3j_}Ljs *4—LvUuJIj <lLd jJu-fiaXI CjIjLlII 4_jj£UI 4-oljjJI oJJt 

l^. ^T(->JL I Lj_U^3 £j-A 4-t^K 4_b L_U_CJ I_ ' j " ^ ' 1 flj (f. 4 -lLu-oJ I 4-*.tTuVl ^| J iS> I 

. Ji i,' i 3~rll CjJl>JI {j-a I 

4_Lo c^jjlLal cjjl>.j t^UaAJL U (jlSU jij_«_ul < x2j <jJI_La (jK lips 

*3jU>JI 4lLuiiLv. Jjloj 4_jJI CxA^JjIj ijijSLII 4_3tjUu]| Cjljliil ^j-o 4 .C.j_aj?c_a 

<LxjJ Ci * 3~jlj Ci L> » is*i il JlSj t4JL>.U ^1 ^jUojj U-Luj 
ii.U-3 ^_Lju (jj-a-lm j U »LJ.»JI IJlj I JiSLaj . 4-u-u-u 4 jUuI 

^^iJI cj! i>ii ill UQj j_uj tillij X-Ray Astronomy 4 -l-Lu.JI 4ju!uV| 

* l_x2h1I ^1 ^jUuHj 4JLLa cjUIjj (jSLju t4jjUJ1 cjljliJI L^JUu^j 

^jia-oUJI jJlIII I-la < * 4jjLt_K 

*«*j? 

1 ^jlf. J - a Tu u 4_aL^JI (J-oj-uVI (JU-j *4 j m Mill 4-*-tTuV1 tills ^JU ^_u-a 1 
^UJUII 11960 j*Lc. ^yc. c<^j11 tiJJUll »1 a\c. 

t4_i-aL^ CjUjJLj jl jtJjlj-t-£3 14_L(iajVI 4 _jjj>JI 4 3jUH ^j-o cr^ ^ 

C1<_jIKj . 1_LjJI J " Vj ^_^_S ^2_ILU 4 j m Mill 4 jUuVI till jij 

jcjjI j-t^iJI CjI^ JlBs it-jjLfcUil ^Juk tilloJI »1 olr, JjU: 4_iJL 4jjjto-^ tiJllA 
3jiui]l " L 34 Jjlij h<;-L ^>KI 4j m < nil 4 jUuVI ^ ^1" L^J V 

£>. 3^ LlBjj^ ^jjL-aJI LaLLu ^_pJI 

4-t-juVl uLiuJ ( J_j^c__x_u_j ^ jjlJ '^H (^>SUI ^1 dilj^iJI 
CjL-uIjJ 4jLj ^L 3 11 ^yiSj V 3Jua j 3 Jl>.Ij 4_cL_u ^Ijjv t U_iS 4j m < nil 
^^LLdL» tiliiij t^-jjlj-^aJI jl$£. LjjUo 1969 ^Lc o^- 

j-ujuj - ^1 1 >»/> 11 ^j_a 4 _j_Lu_uJI 4_jlUVI ^ 3ht iUhuru Jjj^-A^l ^^ 1 • H ^ ^ ^ 11 
^_^_s La j j j Mil ^<u ( jr lJ! 4_j_jUaAll ju-soljJ.1 ^-Al j-o.3JI I jla 
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JlJLs : 4^>LU! Cj-3j^ <jL£La ^j_a 4-<u_ul JU,I j tCuJ Jlj>JI ^JLjlII ^jjLj 

4-a-l^J . ^j_u_aL>J1 1 ^ , ,.l nr Lu2J^Lj L_L^ £j_a cLS^Ual 

^jLLail I JJt tV*f 1 nlj . (4 j^j>J 1) Lfcl_L*_a 4 _lL> .1 4Jl1Uj (jjjjfcjl) 

161 (jL£La jj "*■ j (jl 4J ^£Lal 1 jSLa^ /^ 1 .>> Atl ^j-a 4ju_uIj ^ ^U> f a ^_ < . u .^_> l 
gl air Ju&aj^ . I_uj-3e_a j J ts> a .. L^iaj t4j m < „tl LiajLj ljJu-*a_a 

5 <>» \\ >tl t4_uLc^iil jjL-ai.1 0 Jl& ^jl_j Ij^uZ VLaTcv-' lLJLlA Lj lLULiJI 


?***! yU J$l 001 -guff **U*JY ^ 

4JjLU i4_j_£Li_3 3j g ->.I ^a-j-a-t-^aj j_lC cilLaJI g1 a1 c. c_n£j 

j^JoLill ^ 3hU CjLLh-uj^TJ 1 I^L>ol jI^-<jjI ye. 

jL^jJLj jl-usj—o c j_jJLJL>. Jl^c 4_ul Jl_j cjL_uJlc. <j_a (cjL>j)^ (Mi"!!) 

.3jL5tUi,l CjLjVjJLj (jLLoI 4 > (l^-V. (_j.llJJV. 4~ < njf.) 
3j_^jvf 3 U , „lj < i4jIjl>.| ^j) <>*tl (JjJLstlu gUL l! 1 ciJJj^ 

^a <ti tl 4J5>L^j ^Jta Ijl la I. t 

jL!aJ-M 4 _jI ... 4_ujjiaJI CjIj) (< < 1H yu^Li Lt£. jLt-p I 
cjljLiiuVI ^_j_4_>«j yc. tgl ^j-sajt-aj dJJLaJI ^\e ^Ixjj 

L^_a j rr -%.j L^JLSLdul C 3 1" 4- ^ \ (Jyllll 4j^i > mMII 

CjLljIj_A 4^JL*JI (j_a j-u^ 4-ta-UJI CjLLl^JI CjLtfojI J^j t L^cl 

4_^j_*_a 4JjLst_a 4-Jjl a < till ^a_uJ 4_}j i^a 4ijLfc 

. U1 3" 11 (Jjw| y&-y jj_i!jJ! cillaJI glair. . a «>, ♦ \\ 

(>< m-SeJ -1 lijaLii ^ -a- a <>inll (jjs 3jjl_LsaJI dj!_jj^sVl 

Cr L«-flJI cjU._^U JjLk , 3 ^ 3 -° < 3 ^' 

JjjijJj *3' J*** 1 "' j^-4^ J^j j<u ‘3J^" j^J^ 0 cr^ -3^-j-U 

Jj-> i..",Tl jl^. [y l Ly*m ,C ' 1 "^' 4J3V 33^4 °^ j3^ Ct^I ^Jlslj 

.^jjjIjJI 1 <1 I3tl cl qlf. 1 ^ ->■ 3 J Cu> lcr jLo . U l-s4 a lJT lc. dlljLuiVI 

3-0 j-l& 3 ^ Radio Astronomy ^jjjIjJI diLill iiLsijf cdaLo! jlsj 
>■ 1 or 111 (JiL° 1 LkljJ 3 ^ (‘‘dj , ' J> .‘") j3al iolt 3 ^ 0 -* ^ < 3 -*I^laJI 

olJjLij < r> ^UI 3 ru. ^LaLU! Jli 2 i^ljJI ^ySJl jUJ! 
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tl^gjwJI ygo-ill qt. uaJI 


cjUjJ.1 ^ V! C h.tt- V L^l ^\ Ijl^ 3jluuJ1 

. l_AjJu-^J ^IlJI (4jjJ_}1jJ I) 

lLULLII ^ I C. CjIjI jlLal Jlj>.| j_A 44 jh miII 4-t-tiuV' dlls ^JLc (j I jJ.mi 
jjl U L yAe. ^pJI t-jjUeUil 4 J!l«VI (j-iaju J^LL_u *u ( j-«j (^jjjIjJI 

* »l J>j) i M II c-jj) <7~r II O-se-lI! 4Jjl_3fc_A m Mill 4-t-tTuVl ci«-p ( jy lil 

:(JtJ_<_tJI ljuk^_laL>JI clajJI llULoJI cLc1c^_l5cj 
»St mi i^l (* • 7n Cygnus X -\-^jm£\ 4_>-1_>.jJI ^j>«j <J-A - 

-<j_u£l 4 _>.L^jJI C 4 ? MM^I LsJlIc I 1965 ^Lc ^ Jjl * <mII I JJt 4 <^>4 1 JljJ 

^^jI -^^1 *■! »>* All A ^ - “II ^ * . t '.. % 3\ w *hl J «^ll 3N ^1 4 l*v-j ^ /?.! mI / | 

(_ y Ii]| 4 j m Mill 4_*_tiuVl j^Lua-c JjIjI t^se-LlI I JlA ^_<_4jI £yz ^_Ua jj L^J 

^Cj-j h^jjloj c_jj5Luo1j ^ I ^1 JiidL-uL} 4 Ujjj 4_j| !il 4liJLj_LLa iLt- p * ^j-c 

4^jjt-a 4 1969 ^Le. ^jj^IjJI tiliflil »1 g1f. 1*>~ < -lj . Laj-ae-« £-2u 4jI 

CjLtiajj 3 jj9 C_jj_jju Jui^ 4 (I -qjj& I <L>-L>»jJI) ^Ja^aLiJI ^sc-lII IjlA £yC. JljjJLI 

. 4_La jjLuaj ^1 4j m mi II <Ijl1uVI 

.^jse-LII I JlA Ju-^j cjj_>. 1972 ,1971 (^^-cLe. 

Uoj-seJLa 1 is~t7i ) t(j)jj-<fcjl) n^ll J-4^II ( MM^I 1971 'j ^j-ujLc ^J_^_4l/ 
3Lae_^ j ^ I^J 4 I -jj-u^l 4 ^>-L>.JlJI ^->0 ^j-c 4 j 1 j Mill 4_*_4luVI jlju-ol 5^ 

. (jJa-cliJI ^atlll Ijufc ^j-tuLs <<0 ^ 

(^jjjljJI jjLuaJLl IjlA^j^ <^-5t-t]l 4 j^j^IjJI j-tlillll CL> u«JiifcIL<_ulj 

4_j_Lu_4jJI 4_»_tiuVI (j_a ^jl 4C-4jj-C ^-*1 Jlaj U-^ ^-ciajl ^<u 4 ^jJj>- (jj-i 

mm^VI IjlA 4j 4 ^IJ .jjLuaJ.1 ijyu-4-i (j -« (jI j jl - iJj 4jjJjljJI CjLwjJlIj 
«4 j m Mill 4 jlJuVI jj-a «L>.jJlj 4 4jjj^I^JI CjLxjJLI I 

4^U^jJI) jJu-all qj* c-Jj^ILj jjJu Uj>o lLIIIA (jlj Ji^tlJI IJl^jj 

wJI i^d^j-^ii 4_5 jjlx ^ AjUll ^J_lL^TJ| g> U , >,1^2>5Lalj 4(1 -(j-41^1 
4J 4» t^c, jJI I HDE 226868 226868 I j -it ^_<-ul 4jlr. ^JL^I ^jJI 
^j-0 J^L^JI ^_5C_Lll I JlAJ <( U ^UI1 C 4TJ '( 1^(11 j^lj-i L^H-^ ^-ll-*-ll 

Cygnus 4^>»L>.jJI £_ajj ‘3jjl 4_t>.L4jJI 4_m_tiaJI 4_aJjJ,I 

. 4_u4_L_4 j 6500 ^Ij^tJ lie. Jut_ijj 
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pl^gjwJI ■ 09SJI 


4-lLlcuJ 1 4_*_tfoVl £)l 1( jLLt]l ciJULaiI *UJk 1 ^ 1971 ^Lc. 

£)! I JlAj 1 1 Ju>. 3 j-l,£ J^aie j (I 1 <L>.U.jJI ^ A4.tl) 

^j-oj 1 1 Jl>- 4_Jk *4j m~ mi11 4ju!uVI Jj-ojj ^JlII jJu-ail I JlA 

IJu LlAj . _} ^.uj I c_kj ... I-^jji^I fibwLwjJI ajseJJI 03^ , 13 ^ 

1 ( _ r 3 jJjjJ «L>.|jV jl!iT (_£l IjIbeJj i^igl <if u njt~i!l (JJUcIlII »1 . If 

4-j_3L>. 3jJLj Lc.j.3 jua jjjj 4jI jo^J i 226868 I j _& (JjL^JI ^sje-LII 

. l-(jji£! 4 j>.L>.jJ! jjt !(_, 3-v. 3jL^>. 

3ljjd; u^ 1 ^? 0 l 50 j»L^J _j-A 1226868 I j _& ^ ill ^>1 hi°i 3-4 

' <i VI < <3"tl ( j-a ^cj?e-L1I I Jufc 1 _iljJL^I ajuuj ya ^Lij i(L^-t2ajfc-i <J^>. 

(_y3 i 1 3" 11 ^1 £3J_lS cGjLa dJL>.| U£ i3-ijjII JSLdll ^I 4K i~i 

^_dILi 14 j_Lu_i_3! 2 . miVI I ^ if jJl^u t4_La Lgjlj^sl 4_a1^_S (J£Lcu 

3--° 1 g i>i > I (jj: IJl>. <AjJj 3 «L>.JjjJ,l 3^£!3 i(jLp.VI (jfi. t (_y^J 

(j^o 4_3 Lj ) mi f. ya J3| 3^£Lj J-S 1 o g mi iaL-aU jj| (_yl>- i2j|_pl 2jjlj 
jJjJ-i j3l VjJj . I <1 g ijl iJij-oj (jl 1 — 1 J)*V 111 1" 3_j3l ^jWi 1 nj V i«L>.jjJI 

^u><J UJW 31 *' al»tl (■ 11 n->Jj IjLA ^ »j jt. 1 _al m~i^I (3^°^ ^ 

.(jLaj>ij V JLa-lj 

CJjLa_JJ iijJ^ ~i t~i a JJ-'i ‘(j^l jaUiill 

tfj_& (_5-Sj • I ^ » c. J«~ J_I I a m (jlajVl jjjs LjjtJL>.| 4 j3 (_jj212j 

I njnU Ls-Ljjjl u_jjj2JLl (j-o SjsjLSJ! t n_it-i!l ^lj-2 dll t^-a-MI 

i. . U>j U»-W. ' 0 2jt^tl 3^q jl ( (Ijll t _ 7 _Lii3l) (^JljVl 33^^ 

itlLIi I r. 3 . (i 2-iJaJI jj- 0 u is^°i l) J- 43 .VI cj^I ^«~ j U 

(jjsj iSjjj ,J^ dLSl ^ 3H> j0 '‘- , - 1111 

.3'- 4 ^*-L!l (jjs (J^ ic,j_ui Ij 1 .M-ai-i 3 I ‘^"211 
«L2;3j (»Lol IjLp'l J-«J 4^-JJj-U Jls.1 31 d>3 iSjjlj (Jl_ja.l 

3 V idU^ai 3^0 3_J_P I MU«_i 1 3 111 V iU .4 3 I 'iTeJij Of-y^s L-tsye-iS 

i_3ljjajVla a_i-L»iJI 3^° jl JlII (jrll ^ t?» i' |_u| (jric. 13 Jj ddeJ LsJLd t—3j i n->JI 

JSLd 31 3^Uj 1 3jUII lUjU- 3 3 j0 _9 • l-3_j>*- 4 <^l 3-^! 
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pl^gjuuJI L-igiLUl qc ucull 


4Jb£ L-^JI L.ni-fc J (jl tS >]I 4_qj?CJ>*J jIjlXI 

(j! ^__J^lL_u_j ^j?e_Lll t Au-aifcJj La Jiic. 4 jL^ tciilj 4_3 L_^VLjj a4_aLl3 Ji 4jvj Jlj 
. 4j*- U < <i (jL*JLj 4 K mij 4_qj?e->. c_2^ju 
( j_a Cj 1 mi i jJs 4^>.jjjJLl <jL» a La C-aj3j si VI jL_u Juij 

(j- 4 • 4_J(jljJJ-Il (_j \ c, 4_aLcjlj a 4_j-iLstJ j-oj jj>.V ^>«j 

^_j_C j-aj Cj.iL>JI 1 Jufc (JlLa <jI a^_usL>JI cJSjJI 1 & 1*4 <_3j^_*JLl 
ijssX aV 4 Ij > mJ £)l£Lal j. > n<n (jl U~i > >n V 4_uLjj_ui]l j-aJI £)V 

Jj_3E_a lj_A Jlj-j Vj t(jrs_a_>u j— l_l£^ (^jl ^1 < tia il CjLaIuj JlS 

t^_usL>Jl cJsjJI dllaJl gl air. (j-u JaL_a]l ^L*JI -iLalic VI (jI^_ lC .(Jl-g Tcv l 
jLJtil L_ajL£J3 ^j-oAj (J-oAj Oj^S[j Ju3 4^wjJ^J,I ^jseJil £) 1 j_A 

.j-a-*-JI (JjLj^La_uILj L^jIj a^tuujSJI jLiJIj 

3 jjl uy mm^ j J—jLu ^->»J (j-a £)j£Lg i4j>»jJ>jJ,l <j_a j-jLaIuJI 

j!£| 4-C.j-a.uJ jjLo-AJ->*I (jl (^1 a _}j_a_ajI Lloj jl I Lajj9 Lai 
4j>.L>.jJ 1 jJu^allj 226868 1 1 _A ^^-jL-LTlU 4 hm?Hj Lat . ( j_a 

IjLjfc <_Jjl_A2J £>£■ 4 _>oLj t ^jUtl 4_t^Lt^Vl 3j_LaJ>JI ^2JLJ cijl Ag4 a I 
a 1 ^ j 4 ^jL-u-gV- 1 j (jbL^j ^^lil 4U<? . Ijujui LjjLoj ^Ltilll 

. Ijj^ol Lloj al gUII 4_Llij ^JlII jJu-ail ^1 ^se-lII ^j-a jLiJl jj-a jLu j^Juj 

A _ij_<_uVl L-t^Hil Ji-1 J ^1 4 _a2Jj»Ld ijr jJjJ JSLaTu J 1^-qTu-U Lj f^Sh 

«4J^>. jUJl ^j-a 4 4-jlj)U Mil LjjSLa 

^ 3jL-ljv CjIjI—iTlj a^^L_o_*J1 ^se_lI 1 Jj^oVl c—<_SHJ1 ^jJjj 

-SJl-o- j JI JjLstJ j_A Lg-Luj .j_o^>* 1 3^-^ cr^i (Jj^ILlI 1 JJloIu Ca^jJl 

CjI jLiJl (j-* 3 4i^U CjLui^ I jJuu 1 LAjlII 4jLaLlLs Jj_<_uV 1 c-jLaI(il p ^"lj 

4 a? jU 4J ^>. Q^IlJ _}j_<_uV1 c_A_aIlJl ^1 a226868 1 J _A ^-Stlll r |> ^j-a ^Jlu 
jJu-sa_j^ A4_aljJ JSLaTu ^y-lc. 4JL>»1 J < U ^ 1U1 • <>> 4 ^1 J^j a jLiJl 4 _aLu^ 

. 4_j_Lu_aJ 1 4-t-cu V1 I 4 L 2 . 

jJ «^>U (j! C.C. U J J^.1 lLULUI al qlr, c atmm^I a 1972 ^Lc 4 jL^j 
. a Lg-l«J' Jj (jl^ La^ Lu^j^jj La->o ^j-o-lI j a Jj-<-u I c_<_aj I -^j^i^l 4 j>-Lv jJl 

jJL_j ac-jj)^ r tihtlj 4lujj j ^Jiilj 226868 1 J _A ^?e_Lll ^jl ^<^nl Jl^ 
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pl^gjwJI ■ ■gn’illg q^SJI 


(J-jjseTtJj q <14 ilitl 4Jta£ j Ju3 30 (_^JI4TiiT^ 

. L> u.^ t raJl 4±£ jJu9 dijjuo 4 _u 1_4J^ 4TiiTt£ £)I ^_uaj| t( I 

11 ^ Mill 4Jta£ JllLcI 4 j^Ij Juj-J <j! V 

i Iu^l <L>-L».Jl!I jJu-aJll ^)Lj ciJJLdJI »1 gif. ^>*J *<J^I L^jjj 

I J _jfc ^?ti!l £-* JlII (j-sa-aLii! tiJJj 

«j >^uu I 1 > * 1 jj^226868 


Mini Black Hole jgrfhAlV 

J-C4 dj’j_3fcUJ 1 JJ Ju L(J^_2e_A jJ 4jLj diLUl » U-lc ^-£2JU (Jj^J 

^j_?e_Lll diljljLo VI j-u-sail Ijufc LjJlSJj . JjLfc _}j_<_u! (. iTn ^1 Jluu 
. 4_u jL>JI 3 afi Qjl jj L$_« *3^>JLl 

(JLaio-1 jjfc tSjL^-Lo aJLol^ cj!j»5e_« ^j-c ^Ijj^o c_j' o^j 

^_3_u_<_u) >“» ^SLla ^JLc. LjJj 4_jjvLj ♦ j>jl j 

(j Lj Lt^aj I 1^ 11 Jl>- jjlXjl& Jj_<_u I c_<-3j Ji $->-J ^jISLoLj t (^ \j * ^ 
. ^jj_oVI < ^ < 3111 ^_o *4_uiL>Jt cjIjLuj a^liSJI 

t > 1 31 oJj_>u lil (j 11 « M i l l (jjq i_Lu Li£j-J liJ,I J jj 1 a 

a lo 3^ j~la jJL£ 3 Lfcj-La^ t 31^ 1 ^_u-saV ( jJjL i/jjLLli 4_J_}!_*_« <. < < n^>) _}j_<-u I 
4JUJI 0jl_A (jy-^3 i^LQJLULUJ I ^JlIjjv. 4-uJ^>JVI 3^£L!I ^ - " ( j_a_ul_3J,l 

t ^ 1 31 (j 11 « 1I1II ^j_c 3j_c (j4 jLo j^I t^jlajVI 4^1!^ j i^il 1 11 

1311 »1 ^Ir, jt (jSLdl tj-uu-^JI ^jj_oVI i > «31II 3^SLs ^1 Jiirl 1 hLjj . ji j_i_uI 

^^a-aLiil CjjUJI ^_u_o4j t I 973 ^1^ (^aiL<-u5o 4_»_«L5tJ (jljjj ^jj-<-u^L>.) 

.( jy lL^j_taJI jL>JVI Lj^ u 1 hi (1£L-4jj_>oIj) £j9j (^jJI 

Tunguska Event 4 <h» ti)W 

(1 ^ 1 hJAjLj) CjJu>. L« ^Lol Ijilj L« (jVl »l 4UII (jl 

^■Ll^ ^j_4 ‘ 1 .iIIj 4juLcuil 4c.L_uil t Ljj-t-Lt-u JU_d aJjjLlU *-<1 ♦ir«, ..jl < 
^LLaj ^4 i M IdA . 1908 

jL?e_dVI ^JUsl jL?c_3jI cj y-^~ Ij^ 3 1280 ^1 Laj-L^s ^_Lu 4>>L xl^ 

CjLj'j- ljv ijr I^. ^ l^l^J (j- 4 CjLjIjlII (Jljlj ^1 
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pl^gjwJI ygo-ill qt . uaJI 


JjLgJI Ijufc 3 jj9 CjjJlJs jj£j . 4->-l i .lU tiJJj JjLVI 

* 4-u-cw^^ JllA 4_Ll-l3 

mjjj ‘U$^ Jjijjt L*_aV 1 *h mi IjJukLi ^jLj ^LaVI (Jl^j 

£j _a }L_j5 ‘ * ^ JJ 4_La ■ U> ^1 ,,.~ j 

(jj* lju>.l o-^j iJU^ill jJaj jus L« lj.iL>. £_xoj>JI 
Juu j *CjJl>. La 4JLui>* <—SjjljJ 3^c.jJ! Cj IjloJILcuX 1 JjIjILvl ^uLlII 

I Jufc c_j l_u_uI 4 _JjL>J. 4jgif, 4 jju JjI O-ufej * LaLc j. /?if. 4♦ < <n 

IjJutJ La JlIc. 4jjl_l!I gif. c-iJfcju Ju9j 4 L^K 4 3 U U1 ^ jJI jLstAjVl 

JlSjju (jL^ Lg^ K>-U ^j-ojJ ^-LaJuJI c m < <i4 ijLstAjVI (jl£La 3 ^-la^ 4_A^ 

. <j-* ^LoJLlII 

,UIj ^MII S^jjLujJI j A^.tl ( j-a l^-Lt^ |jji£. 4 jjuJI 4>Jl& CjJl>»j Ju9j 
^gJ L^jI ^^-Ll J t4^jJI 4_L*_g_IJ ^uljjJI £>5LJj * L$K jUe-ajVl 4 3U ra 
j_Jl>JI cjI£jj>o ^c. dsLtiuj t 4 j»j jU cj^LtSLo.ij c^jI^ LojJj 4_j5^_u cjL&^ ^3 
^LjjIj CjI Mi^m dljljj . cilj_Ul| LUj 4jV JJ I Vj jia^a]| C.PO fuljJI 
oLj ‘(Jj-^J i£]j l£JLlA . K (a jj>oIj (jr 9 CjJlx La Jjj*. ttiJJLaJI gl air. <jr\j 
♦ jLs&AjV! <- « «t dj jLajJI I JlA CjJl>.| * JjLa (-£jj_u <- m < <itl 

OULJI 4_u^ La jjfc t K i djj>olj CjJj> La ^_u_ajj JjLstJ ^lj CjJl>- Ij 
( 4_ji_uiiaJI) 4-Lse-4J (JLa-a ^uL<-a^j 4jLaL>. ^j-a (jLjjJ ^jj-t-u^Lw (jLjSiJLAil 
jjfc 4jL?tAj^l <- (jmi (jl (jLaiJil jl^ . 1973 ^Lc (J^Ll) j, »a~ i <»mi 

4^ U 4 L-h-L^3 IjjJs J,» 4 jLc -ij-4-ul < 4 i (j^jVl laical 

La^V < r.j 4 > ojLUI 4JLjU> 4_j_jjL>. 3^ 4jj 4 jILa-p-u-aJ I ^j_a Q^jla ^j_a Jj>!j 
L^j ^Jila-usl 4r a 4 ^j_<_ 4 j 4_uIdjVI (j -0 

. »1 <^3ll ^JJ>-I 3j-a 4 L^SjIiivI /OJ 

4 4 _ l - uj jVI 3j-SLl! jj>. Jc-xjjil 1 JlA jjj-a <_ < i 1 ,n 

^J| ,>> A tl 4 _cL^JljI aLul (ji^UI jL^eJuV! IjlA CjjJl>. 

1 3lU3j_a jLc L-coIlil ^Lj ^ULjlII jLcj 

l!^_>.^ 4 ^Lo- 4H» 50-40 (^yS^-C. 4 >■ J^JLC. ^ <i t-sVl lL^J_>«J, I ^jLa-lIu (J 4? 4 M I ^j_a 

4_i_/Jjj j CjI^_A dxJ Jljv jJs 4 _jI Jlj V 4JLLa_JJ 4 >JlA . Lj^c 40-30 Jj-Ls 
JLg-cvl £)! (j_a ^CjJLiJ BjjJufu CjLI^U «>>Ij 





pl^gjwJI ■ ■gn’illg QgSJI 


C_1 _}L>. ^_U_u_* 2J VI l ^L-^Liu-d Q^SLj _}L^J JLilbwl jJb 1 J J-t-u I i_a2?u 0 ^j'^\ 
Vjj>. (jlaj^ilj . IjjILa ljJ*l jJjj 1 1 Jl>. jji/si Jijaajl ' -2" j-uGj 1 ‘n , <1 ja>olj 
i 1 3" 11 (jLS jJ CjJjcj (j! jj-SL«J (jl^ (_£ j-Jt La3 i^L*3 CjJLx. La jjfc IjUfc 3I 
Escape Velocity di^LaVI ic.j-<-u b* 4c.jjjj ^iajVl ^1 £3jj| J3 jj^uVl 
. S((j3aj^?l 4-ujL>. 3.a als^Ls^iLl <Laj^U! icjjaall (_£l) 
^e-La ■ * ' jjaaiVI ‘ _ ■ 2" ' 1 ^ 1 ' V i .V j « i~a a «jUa 4 jj 1^ aijjjo. :4 jL>-^I 
IgtULi 33 J 3~ I in t II (Jj njjaa-l 3j^a al i>i3ll 3JI L$3jiieJ 3J laUiiajVl 3j£Lll 
~ j i iij - «lL 5L^_JI 4JLuiL>. 3 j 3 Lajjr" . ..a 4jja. 3 J jljJll j»L$il! 33 Jl>.Ljj 
(j£Llj i t. i3~l l jaata. jJLaal liltij JjjL Ca3j 33 (jjjVI i_iSjS ^L^ill 

( _ r 3 JjjuI i_a23 j 3" i »l lil 4j| (_£ I icLaaacaa. jjS I a K jl Jjjjj (_y3 43 j3 

. 4j3M3 3SL4 J V jjsI LuSjS -1 2*. Via t 4 j IJJ3S jSjj 


njjSLII ^ 2 i>i at «tl 43liajl j^Laal juluuJUi al-Jjaall i_!j22aH Lj J_a-i JL3 
-SjJaa. (_£?) djJU>Jt 33 ! b* *c?-“ l £JLH*“ b^i ^ U^' 3=33 

jljJll 3 _a (4_u_u_oJ1 4 » .mVI) 43 Hall ^ 21 1 J\ a 1 f ^ ^ ^jSLlj ' C * “Sll 1 »a < tl 
1 g~i U 111 Ijj jj^LaJ 3 JJ! JjLujJI jLacjl ^jtVi. aj (J^3 .. 4Ji.l J £3 JLl) 3IH 
• Saljj-aull <_jj 2 !lll (jjs 43LLaJI t^£- (Jj-aaaJI 
!j_4i (_ t -Lc. 4jLs.VI 3-5L«j Cr la.-4_paj ; iil L 2 L 0 . ^^S-Llji^Ij VliLa jj-til 
(_ 5 .ll 3jLU (jjs (jJa (jcj^Lo <: '- Jt 7 1 jl b* (Jja 9 ^ (j " a Mill (jl .(JIJjjJI 

.. L^ilaLi (_y3 (_£jao (j^ill 4 jjIjj*J1 4jjj 111 <~y*Vl •" 1 3~tt 4^^133^ ^43Ua 
(jla 4jLa (J^ (ju (j-a 4jl (_^l ’/I (jj 1 (J 3 I 13 u a Mill (_y3 dJ^ic.L33l! JLA SaLa^j 

(_ 5 lll SjUI jjj tiili (jjLallj .43LL ^yll 4a*Ij (jla 3 JS J 3 I Jjaejj i3jU,l 3 J 1 
. Ldijl _i g ~il aLllil 43lia 4 j£.Lj iJjjuVI l. .3~ll (Ji-l3 3 JI 4jsIj4 J*\ mi_i ^3JLi3 
tSJaLL ^1\ Jjjt33 3 jUI el )uk (j js /.6 3 I ciiLuljjJl cit i>i j! Jt3j 

SaLi^ JijjjVI i_. 3~i11 j£j-a (Ji-lj jL^-S (_,3ll jljil (jl3 ijaa>I ^jat^jj 

4jjIjj>JI 4jjjil! cuMcLillL SjjLSllj SjUI Jjja>o (jJL. 3 jJi3j 


SjljjJl jj£. a 14j 1 11 11 «_)J 3~rll ' /6_t 1 4 11 n~> (jJljljjj ._ 


ij^ t mi i~ (jhJI abjaaJI (_jj3lll (jf j^ljJI ^ (j£LIj Stationary SJLilill 
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fUcjJiijJI l—l3Q‘ill QT. uaJI 


3^U1 3aLa£ L$_j^ j_Luj Sj-l^ j jjJu (jl l-xjjcj 

^jLj dJJL3Jl vl a If. C.<Jbuv 3 ♦ 1,1 4 « mi ?tl a Jl&j . /43 ^>. 4^LLd 

. (tljljjljSLII) aL_cuI 4^LLaJLj _}jjj (aIj^uJI c_J j_3jJ1 

M^>L& jj_<-ul U2 j llILLa £)Lj JjLoJI ^TjJI Lc^l ^Ui*JI 
J 3 4 *(j <i a mi tl 4±£ JILa (J^-lLs 4jLaj eiaVT 3^ Mif. <jrU 43ll£ £_LiJ t Lu^_3e_a 
4_jj_jjIj CjLjJ^—lj JiLju ^JlC. <4 3U <tl ^j_4> 3 a! UU jJul^jq 

. a I d<- > o 4 -t- t T u 

I t 3 j *v 4 t Lcjj-3e_a j^j_a (JjLfc Jj_<_u I <__«_3 j dJ LlA I ijj - 

. S 4Tu-o lj Ju ^j_3j 

Cl x S 4jl^uVIj 4jjjjIjJI CjLdadLlI £)jJlaIuu dJJLoJI g-L a-Ic. (j! 

L^J Jl_ 3 V CjLcLaduVl £Jl&J . LlJj^?c_a jcvJJ 3j£di ^31 Ur V 

a!j_a-^>JI C^>o CjL>.j_U £)!_) »1 a i ♦ fi ; JUa Ju9j t4^LUJLI jJ <.o a (JJ* 

V I JlA jLjlII <j_A 4 Jj1_A 4jL?c_<_u <j_A jJu-aj (4 jjI^>JI CjLvjJJ) 

jUjlII Ijla 3jIjj>JI 4awj.}J-aLc (j- 4 dj V lij.3 a 1 U tl j.ii/sflj...Aj 
dJi_LA ♦»1 ^-a^>iJI Cl>j CjL>.jJLI jIjlusI Ij-iLs Cr^ 1 * crL^"^ 

^Jl^J 4-^1 U 1 1 IjJ /^-I >a (j> C j-£_A-J Lujj?e_a j^j_A LT b JjLa Jj-<-ul C-x3j 

aI jLjLj t jL^J-LA 4_*_A I_3£J J-UJ L-AJJJJ*. ^JL*JI ^Ls S^JjL^Jl 4_jLst_UjJI 

Gravitational 4 _ujL>o CjL>.j^ Cjj^j Jl 3^ . 4.l£LrJsl elxJt ^IjVI 
cjLj'j, U <>>' LajL ur:.' cjL>.jJLI ^jlAj t Luj-se-o (j-« Waves 

<-jl^ U <Ul jjk Lt^ajl a j) <Utl) j;j) <<MI 4 _Cj_4jij ^JJLLaJj 4aj jL>JI CjVLje-c 

La L-£jJU i( j .1 A Mltl J-A^ J^ V^4^e_A Luj^ ^LaLc dJLufc ^psj-3llj 


4^)Lull *^U3j ^j «>>lf ^j^UI j-Aj iJpLaj ^^Laj Jlju V] cjj_>. 

J_j_3 ^LaJ 3jJl J II A Mil l tij-Uo dUii 

4_uIiL>JI (JLsc-a £.l_3lo*l dJjJu I ^J_l 4 JpLaj ^jLaj ^-a3_<_oJ .^-laJllII CjjJl>. 

L^^LUjIj i-^j3 La-^ t(j .i a Milt 


. ^1 «>>3tl ^LulI 

LJI aLaIo^I) 4jjjL>JI t_jl^-la_L^l 

. Jj-USjJLI 44^ t” > Mj ^jJ! C-t^jJI ^J-tLAJ 
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pl^gjwJI ■ ■gn’illg q^SJI 


SjULI jI Lajjjjj.mll cjljL?e_tul ^j-o 4_uIiL>JI cjL>.j_^ lJuJjj 

♦ Jj < nil e-JjjlJI 4_1jLS) CjLl4^J 

^ LsLS t4_tjjL>JI CjL>.j_a ^—lTlj 4_jL*JJ 4_uu-o (j_uj) <Uu^a C*jI£j 
Laj_ i_l£Lj ^_j CjLjvjJJ 4>Jl_& ^JLlSIu-uV ^j-lLqjJVI ^-CLcifc-UO (J*~ <ljl^ , ,.l 

tjJLa j_L^ lJjJI j->- (j-ColjU i ((VI (juL& <yu x&Lmil CLulSj 4 I m~j 

.CjL>.jJLI J^Juj <>» Atl ^jlujuluj 4Jlj^ i_dJjij 

(jldjVl c_<£j£ ^1 4_u!iL>JI CjL>.j^a (jl (j-uj) ^JL*JI <_jjL*j clt-ufj 
4_uIiL>JI CjLvj_c jJu-£2J (^JlJI j_A jiSLU I JlA ^j-xuij IjLs 4l_uj_?e_4 j£j_c 
4>Jufc ^jjSLj £)! JU-~o>' £pl 4 CjLaL>*jVI 3j_3JI 4 jj 1 <<i~a 

.JjL& Jj_<_uI l-x-3 j 4 3 tVi l' 

JIj-j Lo . j*Lc <—sVT pij c_xZlI1 I jla ^jl <—<jj Vj 

_}j_mVI I Jl_A (J-j-4 Jjj>»j ^ i r, j-LdLs jLtalljl tiJJL3JI s.L$JLc 

. (^jIjJI 3f I ^ ! J I Jufc LU.<-u) Lujjse^a j^j-« 

^_aL>. JLp* _ijj?e_a j g. 1Jj_<_u c_J ij_3j J L^U^L) C_jlj^?e_4 jL^jI J Jl_u Jij9j 

CjLcj^jjc^s 4_uj_c J_1C 4 JjLa CjLj^Sj jl j_4 Jijjvj tiJllA (j^J 

4jj£L* t 4_uj_a j_lc 3jL* Cj!jj>JLI 4>JlA Jiitijj Clusters of Galaxies CjIj^>JLI 

♦ fiLgl u ia l_4Jj jl jLlCJ CjIjLc 

t * I J J_<_u C_JJ_OJ 4_jt4_UjJ,l J-LC. 3 jl_U 4> Jufc (j t JLCb»' LiJl_a5>J 

. 1 11-i-A (^^- iS Ll I 4-LLi.uJ I 1 ^ 

lj-a i 'Jl - l jv ^j) ^ 3 a J 3 tl lj_A (jI 

j_I13j ^j_4 (JSLI LuJl£. 4Jj ■ 3^ 4_ajJiil ^jLUJIj - Us /tl jk-I^j 4_^jv j 

L-iUt -L a 1 4Jj)«3 a mi nl j,j 1 m3" c < < h*v 4_u!iL>JI 4jjJa_u 

yuz[£ ^)_u_jJ £.1 i_jj_3iiJI ^c. CLlsc-A 1 j t4 _cLc d n ,/\ \ 1 > < 3"«11 

1 ^ !>>♦ 1 ^3j_u^ Cjbfcjt 4_4_4 jLj 4jvL>. tiJllA Jj tjl jjvVI JL>- ^Lj 

4_j_l^LjjJI cjL%_jVI Jlc. j-^^\ 1 ^ <>>• 1 a j) 4 jl^ojJIj cj! Jl-& 1 /nil ^.Li 

.^^ia-aLiJI ^JLaua ^ju^j j i^jjJa-Lll 4 _jjj^L 1I 4_uLjj_uaJlj 


2M 





pl^gjwJI ugn'ill qt. ucull 



La t rtjtt JlL? lij :jJLjj>j 3I :(43),JSLai 
^_SE_LJLiS /t ^ j L II i t-»j (^jjlll J l) <L>-jJU 

.La 



A HOT STAR’S SPECTRUM 



A COOLER STAR’S SPECTRUM 

^1) 3jl jjkJI Jjjui c rtjU : (44)JSLi 

^1) Jal t rtjU j (^yk. I 
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tl^gjuuJI . .gn’.lIj QJjSJI 
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pl^gjwJI ygQill Q£. uaJI 
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5=111 tLa J^JLU SjUIj (226868 Ijl*) ,«aJI :(46)Jii 






pljygjwJI ■ ■gn’ilIg 09SJI 



LSj^fc-a JIL4J 411 to 1,1 JojU^llj t(jjjjil i, ,en) I L y&\ (jlSLaj 4jvL>.JlI1 : (47) J£Lcu 

(er^lci^l) 
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10 


tJL p Jl £j-& £jj£ 9- 1J^ - t - uJ 1 c-jj) 7n]\ ^-A 1 ^Jl_u lX£ 

iL-uJj-C. J J-±J-A J-& \-A i^C. -^-L^un | Jj ^1 

cr^' j'6-° (_)-ajsL»-II (jj^' Lt* J'j L»J 

^ cLSIjlI! <Ljjl o m i T l ^1 mi ~>»Vl L^ - r < d VI 

SJa^ ■»■ i ii U .iljJ.1 L^J I~ o" (jl Loj tl 

(j£ (JjoT i$‘\ UJ ij& ^ Lr^ ^iL>JI 
{_ya JLi-Li (jl £_j_LalL_uJ V 4j9jL>JI <Cdj-i_uJ <•j .>>tl 
. J^_t_oVl C_tjLjl li-ll 1 Ml 

LiiLc. i_djJb i jj-uVI ‘ 11 ^1 1 ti jLo ^1 

SSLILs. 4-ul i>i‘q 3jj 1.0 a JijVl (jJI 

<jV I juk .^jJI L£ji* d^p. ifOUaJI 

(_^3 JL3 Cxil£ ^pll dlljUJIj jlj^l 

oIaL>.|j Cl t nj£3j I'lUi i>iUj Cjjl^jl JLS t»l i^-irttl 

t4_ujl_>JI d)L>.jj3 (jjs 4 n Aj cl)VL^t_o_i I Q < * 

fJL*J 4 j... i IL±a dUi ^oj . Lo ij$ ij\c. L^j 

ol i>i a II (j-3 M_aLc. LiSLjj^ (j^ tLLi^tLo j»_ji»JLI 

^ JL-AI Ml J (j_J t£ Ijj ) I I I I I t-Jj) S ill (_f Jo.1 t>JLpaj 
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L-j-2 j < 4 ^yA (c_> JoJI j£|) 1 t"> . M Lr l^L I Jl^C_A jjLLLLu L^Lv JlJ 

9 . j-tlaJL i*l mi a~ ^yliil t4ijl_^]| c_jJl>JI 3jj 9 ^1 cilli c > 11 ntlj 

4_ut_uiail (>ulj_3JI <L3 ^UoL) ^ a 1 in Ue lj-u£ (J-3 j JlL^ j jlL> VI a < »n 

Jpa! (Ijlajse_a) c-tSLj^JI ^_^>.jL>JI l-^IjJLI I . 4£j^jlXI 

{j-A AJ->- Jj-<-uVl L-xllJI J-»*l-i ^-iHj I Ju3 i4 3 J 3 '>lJ I J_A La- L u CjjL>«JI 

.lulill 

IJljv 3Jl- la j LaJlLc i4_^L_u 41 jIj jJuJ aIj>j-uJI c_jj_ 3I<JI C*jl£ lilj 

^1 ^nlj L$j| Ju>lj 1 L^Ia Lbljl&l wLlC JuJj La ,jVc.j-uj L^ll^ t lie 

(^j^-CLiSt-yua 1 L^lSLIj 3 jL^_La 4_<_uJi£La ^j_>o CjL^j L^jI lH>. .. I_^_La jj JlJ 
(jlsj-JLJ JLaI L^ I (jl ^J->»-! CjL^jJ .. 1,0 3II 3 Jm /-o a-Cj jl,! Juu 

jp ^ t JK) till 1 1 a \ 4_La_<_ulj_) j*Lg_JVl J _> i^Io^Vl L- & ^D> ^1 ^)-U-A-<.ul I 

lJsj19jJLj-^ j is> U lj_A Jit 1— L ua^JtJ <Lu3jj& (j I HJ!i . Iju>- Jluls JLa T l v I 

^A->Q £_A l_Lol Jl_Lc 3 L£ JJ-t-uI C_<_3j 3^_ilL»_A 

. LlJ_3E_A £j-A <_JjlUL (J ^S^J-A J.ULL3 

C-JJ) 3 Ml Jl>- 1 j_a I_LaIjl<^ 4_usj^ (jl cilLaJI g-1 a 1 f ■ tljufc j_aj 

* JjVji^ 4_a_jl*JI j-<fcljiaJI Cjj Jl>. jj-o Jlj V LfcJuej CjJl>*j jJs * *1 Jj_<_a]! 

^iJI t^jIajVl 3J-juA-tTulI CjI^L^sc^uVI^ 3j-ajJ,I (JjV^JI ILa 

. ^a-aI jJI ^ I j jt t_jj_3j Ujjuj 

4j^ mi i II (j I 4(-L1 jJlj La-a j!j £I aI^j-<-o c_jj_3j l_aj-5e_A III^>. 

4^)L»_aU ^jJl! o^l I > J I r. <- r ^e ; J ‘ci^ 3 U-^ ^aJ 

K < .|J->Q Ij (J7 h I 908 ^Lc tjr £ CJ Jl>. La^ ^J-t-O I C_c3j J_A ^ I. t U , 1 CjjJl>. 1)1£waI 
La-^-3Jlj^IlII CjLVjJLj ^j-oL^j 4_*_aL?£J (jLtSlla l)ULe dt- o . tL^_u_caj 
3j-^Lll |ju>* - i J-‘-°l <. • ^" 3j-^^ ^-Jjll-ll ciUl 4 jI-J_i^ ijja 

3j_A »1 1^311 ^1 ^Lc ^AJ Lcj)J-A IjLsc-IjI ljjL5t-A t^LulsjVl 
4^.J-A->fcU £pl^» J_3_<jj| lLLcoJ (jlj-ujVl (jt I • t ciijjLJ ^j| C-tJSEJJ 

^1 * 1977 (<—)]) jj “Ls, ..1 i 2-^_3 ej^ «L^j-a JJ^'LLsI <4j < ha Mill 

a! <1^311 Lck.jj jIS^TJ jUol ^j)jl CjJl>JI I JlA « 4j mi a Mill 4 ^j_a^>JJ ^jL>* 

(glSola) ^ 1»>> A11 ^lalu 1 Uj J^ I 4j aUII 4 j a AVl LaI *(jV! 
JL_ujI tJLpJL 4_ni/l Ca^j ^1 cIjI^ t4 3j3^. ^j-<£Zl£ t^jjJLl 
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t—I Juk jIj-l^j! l J 4atj_o^>JI L^l tJ p ->Uj-ulc-a 

.(_p3jV! uJjS 4 _<Ll 3 jJI Cj La jJjlI,1 <J-<-4jjJJ (j-sa-aLiJI 

jj-C. oL-4-u-J^I CjVjLstXJ 4jjj g~i mL> JljIjIj 4j^lfltl CjUt-iVl eLc.j-uj ,j\ 
.£j|jJI £)j£JI I Jufe t—SjJLill 4JjLse_a jIjioLj ^JlSHj Jljl La *■! />> Atl 

4-C.j_g^ > JJ £-jl_>* j 3 mi \ t LLjVjl_5t_« Jjl ^ ^ m 4 rtrt'a-a 4 jjIS^ CjJl>1 Ju9j 
L- ijlIiJI Jl^>V tCj Jl_>JI JlJj LaLa-» a Lj^_£ 4 _LuL<_u 3~ *>m (jL^ 1 4-u-u-^-tTuJ 1 

4_LajjJ*. ijy ic 3jjU->JI 4-.pLla.3-ll JuLuaJ.1 4 >JlA Ju-ajl £j\ t—>->-J I jJ . gl.ij_ 4 jjJI 
V L^j_L>uj . s-LlaUl Lu^Lxj / 'z-"\ cilI3j t4_ul <>>4 

U ciJJjij L^lc. 4 » < nLi) CjL^I x imsji ^L_ua I jLjlIjVI Jj cJalj^ejVI Jj^?e_a 

.4_uJl>JI L$j p3 3jui ^j-a ollst-cbjl 

jLjLjI li (jL£ 1^1 ^1 * J J Mia J^q1 j_Aj J>J_<_uVt l-JlaII 4jjj £)l 

(jjlL 4jL« ( JT lc. 3jL^la Sj-se-a 4 _^j^j>- jJLu jL£" jJ . 4_pLLa 

(jJLs 4 ^LjL& jij-t-LiI L_3 j ^LT 4 ♦ <>>< ^^jLsej (jt 4 ^_>o 

4 **i 3 U ' a Cr lc JJlULI <?j »>» fI 3jufcl mi 4^ l-4j_iL*JI 4_3jj_LaJL} 4 HjJj J_p!_q_s 
4JL>.I^ BjL^iU 3 jLII £>£■ j^<*^ 3 (_pJl cjLcL*_ti>VI 4 t*n »1 jj ^Jj-^1^ <mjJI 
^jSL^j 4 L-tHll I jl Lq^. <Jj)l < »r<!l ^1 I Jufc Ljj-acJj . 4_alj.i J SLtlu 

. ^(J-j- 3 (j-4 4_lIc. La C.<- u j 4jI 4 09 -1 JJ 

^ 1 ,'^s At! j g Mill Jj-2lu_u-a 'Jj; ^tl IjlA ^j_a J-Jj lLILlA a] LiL^ 
ciJjJij L-t-ge-Jj . j V> ->.JLj L^j) 3 -Tr a OJ-^-4 44 j Mia Mill 4 ^,j^j>JLI ^jL>. 
^L^lll jLLaJjl JluuJI gLtia^JI III 4_jj_u^_La Jul i^ia tiJllA 

4 f.^juA\ Ij^J ^) - 4i -( i ( 3 4^J,I I ^1 4 Jj>- jj-a c-j/t <7j ^jLa 

Curvature of gl <>> 3tl Cr L^la ^ 3jua^e-a 4 jLo-c^j ciJjlj ^j_4_4iVI c-z-aTJI 1 )Ls 
^JL*JI j_a jjjl>JI ^1 cjjl>JI ^ I jjLv 4Space 
(j 1 4 jj i^i 3 3jLu>JI 4 ILu3L^_j _}j_<_uVl c_4_3lJI Ijufc ^_4 _ujjj 

4_j tU j ^.t 1 Lo3l£j 44 Jjjv ^j_a 4-llljj aLliU! jl ^jL 

a Ll^ J I 4 Ljjla Lc Ij-£ j I t-^~r , ,, \ V (jj?C_JJ . 4 , , ■ -Vi ^ylstJjJ JjSlu 

( jr ^ 4ljt_us C'-pj 4 j CjLlxj mi nV 4_aL»Jl 4 jj mm!I 4jj_IHJI ♦ Luj^la 

_i . (<_jLi^JI I JlA (JL?e_a Cm <m! 4_jjjSLII j-<fcl^jiaJU 

JLI tfjL^ta j;i£, Ju9j aj-ls ^j-a LcIjlHi jj 1 (jI i-Ltlr 4 t j_3tla gl <>>4 3j^Ls 
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. La (J 1 4_uiaj^I gljj-LdJI juljja L-.<-i.as%- jJlU 

Lgj jjCj ^1 4_Sjj_LaJLj t 4_jlc. j£-a_s gLu 2 _j_JI gl_bt_}V! I Jufej 

j- 3 cj>* jl mi a jJLIj 1 al~<a 4 c_-t^l jSLIIj CjLt^j^LII jl tgLxJajJI j_3_<_u CjIjI Jlc 
t - ^ r- oJLjj! (jlajVI (jl .(_pajVI 4 _jj 3L^*. d ^, ,mj glj^JI 4 _j 
J ♦ 3 ) ^JLsk-Lj jl j-a *^Jlj ^aj3~ < 11 a Jaiw ( jr 3 jltViV 4 3 j_ 4 l/L_a j^sei>JI gl_3]l 
-LuajjJLa 4(_^2>jVI (Jjj*. t ^ ^ t^>«^I j_lc /?. 1 «>4 A11 j ^ kjj • (jlajVI j^j-a (_yil 4 _j Jl>. 

Lul (jlojjs jJj * aLc*_>Vl 3 Jl_ 4i (j 11 3 n j£Li ^a-1 jlj-.ij-4-uVl c__<_3Hll J-A U£ 

Ju9 Lfejl <m a jl 1 '1 *wVj 4 jj^LII j a r. gLt3a.3 4 Mflio jl < <ia jjLu L£ 
j£La_> 4 LgjjJh 3jLa jl 4_aLa- < (i jl ^_>o ^1 lIILLA jSLj llilj t 3L^ej l_3j_3cjI 

gl <>> 3 II 4 m3 1 n CjIjl>.j CujISj 4 1 ^3jjla j£. <—3lj_3tjVl ljufc t- < «1 <n jl 

llJj)l Mill IJL 4 ] 4_J^ jSLdJ jl jSL^-J (^JlII 4 JLP.jJI C M Mill jLs .C-xJSCJ l_4^ J-gJU 

* _}J-OJ^? I ‘ > 3 t I1 

Black Hole Rotation *»«2 1**4*1141 

j£. 3jLjlC L$jl ijl-^-La ^J>0 j-° -2j-<-uVl L-cSltil gJ-tTuJ ^_ijlj jl 

0.ijj9j ^_ 5 eJjl ^llg ~1 Hj LaJlU^ 4 CjJl>JI j^l jjj^j j_a £jj_a (_yi^lj (j^l3~ 
. .4_j_jLjJI j_a 1gjj>. J_1_U 4l^U 4 -C.j- 4 .uJ 4_uu_jj ^JlC jI 'j 4 4_lLdL ^j)jjil 
jl^ (^JU.IjJI ( j^iI3"H 4 4_j (j-dL>JI cjjl>JI iU3 1 mj j5ju£.j 

jl ^_3j-l-ll j_« jj-^-J 4JL>JI oJJt Jii-o ,4 -iul3j (Jjj>- IjjI^ ^=-^1 

jjJlj 1 aj '1 C. L 4 L 4 J CjJu2t_j IJl_4>j 4jLj_^jVI Jlj L^ 4 jljjJlJI I JlA ^J. (.11 1 
JJJlJ ^3 jrUjjjL^-fl j^-C.lj ju gtU n 4 4—4-4J_3j (JJJN. Jl lU JI (^ylc. jjjjj V Ml 
. 4-^-4.ujv (_uL>- 4 _ic. Ijli p <1 ■Qb.l; <r. ^j-uul 

4»L^aiJI jL^ill ^5e_tJI 3^Lc j_a 3j-j_i^ 4_I_4UI_LI Ijl3^ liimij jljjJ^II ljukj 

IJj I ciJj3j jJ L$J I J J-L- j 4^7eJil CjUjjJ 4j I ciiLob j| LuuSjj jJ 
«(Jj^j>JLl (J^*l J 3 jLs 4CjJl>JI J^l l_3JLUj LcJuc, Lfcsiljj 

4 _}j_4_4jV! <.« 3^ 11 4j Mill j_uL>u) 4 <y j JuU (^jJI g. LxJajJ I g Llst-jl jl 

j_4 j Ij 4 _iuA_^_g jLi^ 4_I j_4j_tl J)j).<.<1^/1 4 < /> <114 « j'iSLtlu 4 J ^-Lajtj (^jJI 
^L£Lj_a 4Cjju>JI j^l jl^c T l U gl i>>3ll gLbtjl jukL^ jl J^IL>«J,I 
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pLaoJI 6 X uflO 

CjLjIj JJlC £j^J5e_c^ i^>*T ^->o 1^1 3 ^ 4j9j»3j 

jLgj) (£Ji!I ^ 4 3^- <_f5jjuj (jl 4 _£Lxj Vj 4(_y^>-jL>* 

(jr\j|J-3JI Cr^*-? <—<JJ-C J^al t l.<- 3TJI 3>*l-i 3 jU! cLdloJj 

j-jJl>. CjI JlILi (j-uljJijl 4 >JlA Jl^Ij .3^ 4_3jj-*-I.IJ 4£jJlJtl d j • j< t"> f I 

. Jj^duVI L-J2IJI J Cjlj^j^_j-tJlj CjLjjj^-jJI cl ^rv-L 31 *~J j-Aj 4 Luk j^JlIIj 

1_La .3j jJI 3l^j 4 L*_c 3.iLc CjLj^j^uJIj oLjjjjj_lII^ 

♦ 3i^TJl l-Luo I Jljjv. 1 (j 1 »3 < < t^N L<j|j j (jLj 4(^_3 j 3 (jIpjVI L -&3 3 . 3 ^ 

4_t^L>. 4 jj)jj 4jlj_lLs liil T t-gj C - i^e -i uoI 4 _}j_<_uI L-i-3j CjIj jJI 4 >JlA cJL> 0 IliJ (j£Jj 
lil Lr^ SjLo ^ *(cjJl^JI 3^1 ^jL>- JufcLjJL 4 i < .1 <Uj) 

CjLclj-dJI i4_jjJ lJI c_^I3' CjI / **- Mill (jr ahs^3 

tj \.j 3jJ-^ 4_^j»»IjJ. Jju-uuj (jI 1 nlf. JuJu£.j . CjI cj < ti^tl 

JjIjuj^ 4 1 JlaLw 1 ^ C-<-t->» c-t-ufejJl (jl^J.1 dJ jj i_SjJl1I LULc 

jl 4cl 3 11 4 Mtfrn 4 ^j>. (j_c j-J^u cLco-aII cL-bejl (jLb 4 l_Lu Lq£j .^JulIIj 

4> JlA jL-u-C ^-UJ ^j^Lol Ijlj * C_x2H]l ^j_C“ Lll<_uJ- 4-JJ-3J1_J CJj^fclLl L-4^3 

. 4_j|jj_i 4x.j-4.uj c_<_3jJI 4Jta£ 4 ^jla (j ^ Lci.1 (j-° <jl^J i4^Ju 4 m3 mi!I 

L^LoJ cJiilLseJ 4 jjJ lj ^JlII ! c-^1 I 41 j_A ^j-4 - 

C-JJ) 3 Ml 1 <>>jl Jl^-j_j CjJlj>JI 3-^L-^ .i-LJ^_^_1j ^ C^jIj C_c3j (jx. 

tilli 4 jvL^j jJu-4sl 44 JUJI 4>JlA (jlj 4 3jljjJI jil Jj_4^JI 

cliJl^J! 3^1 yJL-UZS jl Jl3-0 C-4 <,(|LuJJ 4 4Hj LIlI I cl Jj_4_4jJ! 4_JJ_31II (jj^T(J ^ jJI 
. P^_4_oVl C_xZt]l (jlA9^ e ^‘J~ UJ 

..ijrtittMAftJ! 

j-Iij 4^>.j (j-c-1 jLc-geTt-c ^j jljjJI ^se-lII jl-^jl 1^1 4^1 ‘3^ (j-° 1-^ 
jjuj 3 ^ ^ 3 u/1ij 4 cjjl>ji 3 ^ 1313 oi 3^> ju^lui 

jl) Ergosphere jj3 < a >>»jVI ^«l l^jlr, 3^1 3! 6^ 

3jl JJL-LJ L-t-Aj 4 1_!L^1_4_4J (j-«3^ t 3 (^jJI (jlSHI J-Aj 4 (3^1 U. tl d 

Luj 43314-4,11 31 6^-^yi 3215 3 ^3 Time Machine 3jJ' 
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.(jjJLJI 1 Jla JjIj! ^^JLjlII JLt^J! c-uK jJjj I^j 

cjLlUI Jl^. ^ 1 n' 1 ^ j 1 ^ Jj 1 U j ^ jJI ^_uL_u jjvjVI 4_3U- ^ylc. $Ll>J1j 
4_aUfcj 4 <?U~U jl U-^V' fjjiA <j-u_jJ 4 <? U ?a Stationary Limit 

*L>4>n 3j-La_u_uJLj 4_^L>J1 dsLL-^JI L4] ljuk j-o (jSJj iCjJl>JI (3^1 
f *tjj>.| cr'-J JlIuJI (jU t^-3ei>JI JjU jL^itl ^-3e_(JI £)K lilj 

Jp3l jJL_uJ I j L ~w 03^ ^ I Jo. Ij-lK tCjJu>JI 

•O^Ua La J^t 

ii.LK.gj ^jJI O^U jjfc-Sj-tK 4_c^_4aiJ jjJlj Jj-<-uI j<? 111 jojVl (jl 

4_IT j> a ^jlKJLl lj_& (jl J ' ^ U j-aLt-uj I cjjjI lil 4 4_l3 ^LLlII 
4_j 1 ^ ♦ j iUU <^>4 ^ gLIl JLpJI *LjI L$Litj 

^1 c^.J UK ^ L$JI jJll .oil ^i jlUt l 3jJLt cJLL UK 

4-JJJU-O IjKifcj Jrt t Jolj (j-C <-JjOJ 

4KL4JI 2LuiL>JI oljLU 2u^L SuoUJI ^jUJ! ^JUJ! 


^TlSjj-L £)l c_Jj_SlLll O^J 

SjLo t_ < 1 mi 1 »1 <>>4 4_LuL- u e_a_K 4_U>»^U jl t <—x3j j 1 ^ >j 

jl ..(^UU j-i£. (jLl2jj_L» Ua UjJ tL^ jjlaLU^ ^>SUa V _}j_<_u 4_<jjjKq 

jJUlj U-i3 4_<jilj-a]| J^Uo 1 /L>4 4 Ja-oljJI L)^ C^l U * * >K 

< <ir. j^ol j-Aj 11 ^ i?r. diisfc-tj ^ILcj »L>< <?U »I Jj-<-uJI <-jj-HUI (jKUj 

*U3^ cU^- LT^ Uj-Ui CjU^Lc i ±LS e -L i (j! C_xJfcJ 
c_jj_SULI ^ Cr^ 4JUL>J,I CjI^jjQJ! lIIIj Jjt 4_Lc Qjt.u ^j! (jSUa U 
ULUij Uj «Lj^.1 LT iJ! /^1 «>*Atl ^Ujl 4_c.jjJ.I 4 »Lj«< itl 

4?Jl_A> lIj Jl-Aj-Ju jJij . 4_j_U>J, I CjIj^>JLI (J^lj t _ r £ a ,>s ^1 r 4_42 Jj_Ui 

uK_>>jJ LK Elliptical JK_UJI 4j^Uaaj cj!j^>J.I U^U. 4-j_u^j 3 j_aLKJ! 
JI jUJ! (_ < ■>■ I a t^yjQ 4_jJL>. 4tlilj->JLl UUj 4_U^-0 ^_LC 3 jU 
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4_l3j>JI 3_}LU dJJj (j I ^ i nC. La : LaLfc J-i-u jjjj I JlAj 

(j I ( _ r A T uIaJl <j_a Jj»J S L$j_}La (jj* */98 JlUj t4jjl 

^j_5e_Lll Lr lc j_ljLjJLj Lo-l 3 V] III 3j-Alii ^_lC L^jI 

^ \ c. LfrjljlbwLj j-uCu 4jjLua_uJI 5^->JLl £)Ij 4_t-oLitJj 4 L^J 3jjL>JJ 4_u^JJ 


J^ To JLl tJ-AJ . 4j>»I 4jL>.^_a C- J tlj ijy-^\ (^1 4-Cj 7T(l,\ 

j-£lj_a 3jl_g_U!j 4 < U 3_}LU ^j-a j_l1£J1 llILLa (jl 


4_5cJLj^ SjIjjJI ^j_5c_(JI 4_3JLLaj (^jJI jLiJI 44jjLua T uil 

al.ij_<_4j (J_Ul_La ( jr l-C 4 _HjLj Juki j_tiu Vj 4>Juk ^£lj_a 

CjVL>JI ^iajLJ ciJLuk Cul^ .4jjL-£a_uJI CjIjaII 4_usL>. 4_3 _u^j 

4_uj£ CjjI j->. L$_l4 ^^j>o 4^^L^c 4jjLlu_u Cj!j^>J, 4<?LujVI ^£,^’1 < <n 


atjjL*JI 4 4£.j_o-5e_a £_3 j L2JG^l£V! 4jjLua_uJI 3j->JL! £)l .4_uj_c. 

4_*_<i»>LI ^Lk j j a 4M87 87 ^ 3ju>JJ ^_<-ul 1 3 j \ c, jJLLajj Virgo 
4j m < till 4 jl<!uVI (j I Liiloil *Uk JLs Ju9j . 4 j^jjIjJ! CjLuijJJIj 4j m < <ill 
4 >JlA ^£j_a jL^Jj (jr^J 1 ^ 3lU>” t 4_L>.L4jJI Ciljlill £)-a OjuJj 


.jUtlu^U L^3 jj-U oj^ 87 ^ 3 jl>JLI 4tiUj^ j-dVl <jl£ IjJj .3j^>J.I 
(j-« L$-l4 3 j-sz-A 73 <_yk. ^jTl^o aIj JulII 4 ^efi 4_c| 1 4-4JJ 


. L^jJukLtii-a 3jU! ( j_c 3j_c 50 4_ujJ,l SjUI 

kjL iTlcI ^5w4_j JlS 4_k>JI 3jLi! £)! LILLd 3K mi 4^ 4_>.l jj LIaj 

Ljj-3j JlS CjIjj>JLI 3^Lc ^t^>t ^ ^jl lU 34 Ju>o V La I ^1 4 3 jL^_Lq Cjlj-stA 

.4JjLa c_jj_3j L^U^Lj 4>JlA Jj 4^lj>j^o 


CF^ J* • dill! 

l_jj_ 33 4_ujJ,1 ^_tc 3J>m £)Lj JjLUI jii J_UI JujGJI JaJ 

^J_5C_(JI (jyS 4 ^-4-£3 LtJtJ I 3Jal^O (j-d 4Jikj_4_4l 

4 1^£u-aA Juuj i_lUj *Lu3 LitJ j 4 4jvI 4_kj_« cJkj 

4_3jj_LaJlj . JuJl>J! (j-A j^LulII (J-a 4JLaJl 4 <. uni (_yk ^jIL>«j L^j 1 5l 

(jr ^ (JJ L ^- T u 4j-4^l_util 4>Juk L^J Cx-uau^I Jl^ 4>JlA (j3jt_p^jJI 

Jj>.l^JLl ^34 :^jjjJ| ^LaJljVI 4_jJL^_c ^Lal J j-l^LulII 

. j-^jJ.1 J_Lc ^H-ol 4 ^j_jJL^JI 6j^ Lh 4 
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dolj LaJ^J tciillA ^ U^ljL^j ^1\ L^&l55j 3jLil djljjv 

J^stlb I jSLaj . 4jjj_lII cj^L^Lalll C-1C.JL-uj LU^ 3 jIjl>J1 

(j-saJL>Jl ^J) J I $ tl (j_a 3lJ-J ^jae-LlI qj$ u l a & ♦ ^j)ji & J^LaLd,! 

4_i^l^ dljJJI (j7 £> jLjJ ijl ( ^yz 4_>uL<JI 4_u jsL>JI cLsLLa juiaS 4 Lu^_3j 

^j-jJL^JI ^LaJu! Cj^LcLaj LaJllC IJljJ <L>.jjJI I^mVmhI 
. (4j^fLa 4 ^.jJ ^jj-LLa 100 

<Lb£ JljIjJu LaJu£,j iQgjJLlIj {j^r < (jj£b ^Lajd^? 

4_jl_3 t jl ^ j 1 nljJuLfli Jlj>. <-Jj. ~ 3~j (j-ta- < m^jVI ^j_a 3l jj 

»tA> SljjJLs V ULU rtjaeJJI daj^sJLs CjJl^j 

(ji-3 t(ji ( < till (jrU^Lo J^L>* »da.u ^^I/La^jVt Jl>*Lj »daJLiaJI 

(jj-tJLa 600 ^yTo- jIj-LdIj jJjj3 4-L^Lj 3jI^j>- 

^.seJJI (jigj-dl d_3_u LaJu£.j ^j)j mi if,La ^1 (j^-till ^_aJi_Lj3 

j_^ 1_L*J! <<itl ^1 4 _Ij_>*jj ^_5e_cu£jV! J£.L3 j IJuj 44_LL>djJI 

- A , ,t^ rt\\ ^ L " , ,< t1 ^JIlA VI 

^j-a iSj -^' *d>.j_a IJLU Q^*" • ^LaJul 4 _lL^c ^ n LaJu£.j 

^jj-iLa 2000 3jlj_>Jl <L>.jJ JljJu>. J-Lajj! 1 f^ ^ILlj ^j-saJLSldl 

j^2-i,m2 tJdL^JI Jl>JI Ijufc ^\ 3j!j^>JI 4_>.j_} J-Lajjl ^j_a ^CjJLjj .(4j>.jJ 
^1 JJ-3J3I (J’j-j £-4- ^ ll£> j^Lbd! (^jj_dl ^LsJljVI 4 jUr . 
jljju>JIj ^L^Jdlj JSLlUI 1 ^ '( a t 4 i j 3" II j-u^ll*JI ^j-c 

lj-p^lj . JuJl>JI ^.. 3j_u£ fiL>.jJu 3j^j ^j_dl ^JlA tj-j J /^I3llj 

^_7e_(JJ ^dLu^-tSLl' (jLb t JlJ JlJvJI cLc.^jl ^<UJ La JulC. 

.. J^Lsl-La ^_u_4j j-A-Q-* (jl 1 m 1J t 4 jI_C ^ « 

^j_a ^ 3 j ->■, ..tl 4 _LcjV I (j=r jQ t4_j_^ 4 jLj 4_Lj_3ilJ I ^uoLulII I 

^Iuj Lc->J <LL3iI' ^_i-ol_L*JI oJl& (j's! i Ia^L Laj_Lc j-a^. 

(jrU^La ^LajjVI 4jiar. 3jj>-G_a 

4_jL^_j (j_a ^_5e_<JI i_jjJL3_j Ijljj (4JL^!dl ^_^ol_L*JI ^j_a _Lj jJJ L_aJG j ^_u_uJ1 

* ^a_5e_dl ^5ei>d L*_u tL^ot-jlj t-3Jbifcj L^jf Lbe-Jsjt Lr-d^ 4jLp> 

4_ij-t-ua J_>o L^j! 0_t^t_j 14_alitjJaJI ^j_a 4 JLjL^JI ^j^seJil £jufc ^iajug 

Jl>-) l_LjJi_a La^st^ lil tal <^3tl jj<^U i^-iLaj 
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. AIC_Jj_3j jL^Jj 3 I jjfej t^jlSLu-uljJuLtOi 


jfjil 

3 U 4_a jJiILa ^j a! At 1 J[^>, dj-Sjj >-1 <_pi! 4 j£J-3J1 CjL_uIjjJI Jjlj 

<GLp. 4 jL$j ^ 3j^? 6 * £j-^I 3 -* <U 3 ^ 3 -* */*90 

CjLc.,J_a^E-A j| Cj!>>JL l 4_UjJJ J-LC 3jLU p fc» ♦ ^ jjLj ^Jl*JI £_A * $. I JJ_CU Lj^Jjj 

3j_jJl_uo f3 ' c?-*3^ 3 } c - 3 ' jLc <-<'*'• » cr^ OJ^ ^9 

i \j,-L.l£ J_l32cJ.! (jjS J u <il JlJ_<_aJI (_JJ_3l(JI -iJlC JjL3CJ Ijukj t4jLI^_4 

t Lu^-^C-A (jy!^ 3 ‘ ^ 'J V ^~aVI 1 Jufc lj^3 « JLjJ Mill jlSJI (_ r l£. <±«-»-U La-A 

^JljlUj V L$_aj_j>o JJLitlu 31 4-UjJJ J_LC 3j>Ut jl Jl3_a 31 ULU 

3 3*«j I j*jt>3 .4_xSLLi]l cjL^IjjJI ciJJj ^JLc. Cxi^ i4jLU 4_u_aj 

4 _a-j- 3JI 3 _a 4_Ll£ 3 _a ^Lc jJ if j^>u 4jt_u_u 3 ! j-jJl3j j_a LaLaj 

<4 » j Mill f jjfcJJt oJJt Cxjl^ Lil ^jl >.j . (j 15 Ll<-u I j Jlj Leo Jl».) jLi^jMJ <L>»j^>JI 

^1 31 3_a 1 0 » r A J L« L^jLp* 4JbSJI 3 _a Jl3j 2J V idijJj 

. Lu^se-a ^ic. 3jj) Lvv. 4 jI J!la-» V 4 -Lu. ua 4j t m‘i C.JI j La ie.\lj-uj <_>j-3j 

31 3 - S La-U 3 _a 3 ^ i3j-tiLJLl j-i£. 4J.iVI VI fj^Lujj 3 VI Lul 
31 1 m I c. c__<^t_j S3 _jj^_jJI jij_«_u! L-3 j L^j 3j-j <l3j^U 

13^-JuL-l-A » I JJ-«-u-l I C_J I ^Jl ^ Lo /tl ^ ir t <UlLl3c_A 4-LA-lc J5L.J ^ j3tIL_uJ 

t (4_j_jLiil 3 _a 4JLjLa *Lc.j-uuj 33 U nj l ^ajj ^Vl i_.su oT 

» ( . " iVI £ya ^ I gjj .1 mil LlA^ . 4_la^ij I 4-j^ m i jT I ^ IJLA^ 

i_iJLj jJI j Ijm> (jjs jJuusj jj? (j^Uj 

i(Lsjjj_jj_^u) jjjLji jl <" t ill (_y3 “ijl («l*j .S Jj-uil 

(j I ^1 » I . ~ |V 1 (j -0 4(_yJj-U dJ-LkJI (jjs 5 ljLll IjJi^ (jlt-IJ 

fiJe-us (04>«J 3JU. ( _ r 3 i3j_ij£ CjLlcSLj Jj' I^ij 

^ <t>“ ■..' t ^\ .' ^ji 1 i( J 1 j < utl 1 ju& ( _ T lc . <_^o (^SL! 

lilj .3 Ljc_3 (J II < I~n tl j—^jJlJ j<U _jJj (jIsjV! t 3 >^ (J -^- 90 

il^-v^-Lm UjLa iitilaLiJ! <AjiJj_^u]t (jlsjVl S^jjj Si’s mi a £j£l jt^itl I > i>i i>if 
(JjlSj Cxjl^ ii 4 Mill (J^>. [jf^l' . jl Juo O^" ‘ j "'"'' " ^-4^1 

4-U jL>. (Jljj J-ju) ^j3" 111 a lU-s. CT^ l^jlj 1 !j\ i t nil 
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CJ ^ *>■ 1 < ■■ 4_xSLI^ 4 L_4 1 Jl Jt dJ Jk_5CJ (j I £_3^IL) V * (^-u-4-<-4iJI 

^JtAs / , ,, Ijj | . Lj_U^_l ^j-C. ^j.u-4-tnJI 4_t3 ^ -9-"\ ^jJl Cx9jJI j^y oAj 


Cjj_C_} Ju 9 (jl Jutj 4^3 -jL^^ ^LiJ J-5fcJ (j tig Mill (JJLV jljdl (_y^ jjJlj 

^j-U-4-tHJI 4_u!iLv £yA jju3 J^T (Jj-C^j jJl J_& I 4 ULu 

Juv ^ ^Ltdl/VI (j_a LcJJ 4_ujL?eU .il Jl«V1 I JlA j-llu (jl ^iLm mmj ‘o^y^ 
. Gravitational Radiation ^ jUdJI £L*_dVI 4jlr. JjlL\ ^1 La j_Aj 4 4jI j 



(jl ciJJj 4(jlsjVI 3j-^ 3l_ lj>JI Jl-l 3 (_ylc. CjjI-LU ^.Loj (_y^ 4-4 -l^ 4_J 

^-JJ-J V tlju>. (j_L_JJ C-A-L-d-L 4_J-3 j,_LUL JI (jl l_4^ tljux. (j-tis L4I4 -i^VjJ.1 
4_j_jLtiaA]| j*l^_».jLI 4 j < <1 <IL (j£L!j .(jlajVI cr^ J-^lj mi i 

^Ldu^l (J-UJ JlJ ( jy £Jj 4J-U^ (j^ SjjJjO 1 g Ml 4_t_oL>J I 3jj9 £1 4^JSCJ>JI 

dj-SLII (jjij J-jLa J-t-fiDj jL^lv (^1 Lai ^Lbej 4 IfrLa ^yjjLselJI 

4 _LvL (jjflJ 4(__p3^Jtil I Jl^J I J 4jL»U (J_U L-UJV 4 ^ j | 4 4 -uJoj VI 

4-01 <>I4?II ^IjOvVl (jru (_yj!iL>0 ^Luful ( jd VI «±fcge-tJ (jl J-jajIa Vl C_OfcJ 
(j_4 jju-aj (^jJI ^LuIiVl £*JJ (j£. LJIJ-4-U (^Jl JjJU Lafcj . I JL>- ^-5E^>J| 3j-U^ 
LlSj (jj£Ljj jl_^_o 4 - La j 4jjI£ CjjJuv (jl ^1*-JI 4jl ^'1 a ^>0 


.^L^UI 


(jil 44 ^Jlj CjL ia-t-(JI 4 >JlA (jl£L« JjLJtj (jl 1 <M V Lul cit-cvj 

4^.jJ (^_ua^j| (^Jl L-uL 4 -t.Lv IjL^v ^_L42J (jl jjfc 4 JLlAj (jl (jSL^J (^J-ll JLo^gil 
j-aJij (jl IJufc Jlaj 1 rjlr.j .CaLfcUoVl c ^LrV 4 (_^JI 4-^lvjj (jiSLaJ 4 4-tSL<a-^ 
j-xjj (^^LJLflJI ^JLjlJI L 4 L 4 J 4JLa^ La IJl&j 4 J- 4 VI LjJlscj jL^>JI 

.. 1 ^jlr, J^ylll ujjUelJI j-jLj dLl£j 4 1969 ^Lc (^ Jlj jL^_c 4 jl^L^j 

4_oi_*_4J 4 ^J_jJ_4jJVI (j_4 4_CJ t ' O 3j_u^ 4-j| jL , „l J-UJ ^ J-StTn-ul .4JL&JL4 

4jIjL>,„ l (Jjla 4 j3jljSJI cjIjjJLj I^^L.,. £.1 ^Jl (_^ ll! jLjflj 

4jjI J)L> t ti l c!lt- t stj 1 44<*^a jl^^vll I JlA (jlSj 4 l^p-43 L^jUS^X-J ( <1 l^p-4 
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lJjJi (^^lc. Ijl>.1j ^JLj j~y L,w ^ ^Ij! ol c — 

. 4_<_uL^ ^SLx-5 

^-l^jv. J*UU! 4u5Lal jLl3 4 JlusjJI jl_^_>iJ 4_ajLaJI 4-u.ul t n^JI lLUj <- •} < mj>j 
^1 » faitVI CjL>.j 1 LtfaJJ-tTaJ 1 JlA C > \ I a Ju3j j, iVi n ^^aJI CjL ju jJI 

ljl_£_>. ^Lsl jJLs I jJj .. < (M l J_uj fJUJI ^al^u ^ylil ^jUeuJI 

J_C LSLj-Ju £)_a <_Jj_3Jlj ^J_a jJL^ cJlj I J-5CJ JUU 4 Ij^T 

4 U Mil yj dSjJI (j-aiij < 3 nilCi ^yllll CjLjJlj jJI clul^j tSjiJtlJLl CjL^jJL 
4 jL>.|j (_yjjL>U jjLUS^ ^J-0 4_ltiu Lj ( J? lc. (JjU 4^ I 3~ MlU ^Jjjl^jl 

CjLLo 3jlc ■ jus 4 jI 41969 j*Lc. o-^Ij *I clh 0 

L*jL» Laj, j 4 M a] ^SLau V J>6-^ 4♦ <>n (JJuo ^yic 4_tcljuii^/l CjL'j U <>>V 1 

La Cu_jL^ LjIjLuiVI 4>Jl_& £)l Ltuaul 4J ^Ij 44 jjLLd CjLwj^J 
g-Lufu^U 3jula 4_a-x-u ^aufcl dul£ Jl 3J . Luj_3E_a ^1 (jljl 4u>.ju LaJilc. 
^ J ' (jr^ l£^L utu 4u I jJb 4dju>JJ ^^-a ^j-a LuJI ^jLaJI jLseuil 

, L 3~hj i^L | 4 _juj I 3j_a cilljj 4 4 _jjIj * * * ^j-a Jj 9| 4_La Jl^IjJI 3 J_a 

^LufoVI I I Jl>. 3jj t^>3tl 4 <>h rtl 4>Jufcj . 4_uluJI ^ Jvj (,1 1600 JM 4jJui 
jl J_3_a Ju V 4 jI J J Mil t 4u Ju jJI ^JlA JlLa ^ 

. 4lLkJI c j_a JuLfc 

4-La jJlu^o (^jJI 4^1X11 JuJlseTu 1 »Ti 4K Mia uJJLaJI »1 air. ^Lal ^_3 jj 

^ K II jLj^uVI Ijj 4 L*_L3_a Lvj_j/ £)j£u ^jJj 4^ jLfcuJI ^Lui^l Ijla 

4uLa ^1 ju>- Cj Jutu ciJUj L)V 4 jujuj_<_u jLse_3j^f ^pujuu J^ (jj^u 
4 >Jl_Aj .^Lul 4 ulujI 3j-a ^ jr jLu ♦ miVI ^JLlII «V La-Lu 4^Lc. 

4^-Laju (j I 4_>.j jJ-^_Lu L>J I Cl^jJI liAiaJI a Laic. Cj^_o- JlS 4K mi 1.1 

lj\ u \ C. .4_£)j_im 4 _j_<_uJl_L^JI 4_u jL>JI 4ujJuu Jluj jljuLL_ul ( _ jr ic. 

^j-a a^jy-Lu L^ujJ j-LLLII u-ujcj ciU jJj ale, Juu L3_3ueu j_uj 4uju>u 

Jl^ 4^j_uL<_u_>. Jl_LUijJL 3JLcL3^ ^ I JuLLl-u I (j Ij 4.4^3 L>- 4jjL>Jl 

» 4jjTu>u (^jJI ^lu^JLlilj ^LLuj-LsJI ^j-a j-uSUI jIJluII lUJ j L^u Lljj (j_a (Jl3u 

j_a-3JI ^ U mi ^ jr J_c Jlu Jluv (j_ul i (i ^ Ju-s3j^a c- u ^ju ^au 4j-aVl 1 JlA 

J_LL>u ^a-Lu ^al (2>^J 4aLLa^JI ^La^-I ^j-a ^jl_3JI ^jLseuJI ^LuoiVI 4_<jjIjJl1 

Lull 
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cJUj *j.\ is~* a ^1 * 1 jjl 1 liu jl2w cilloil »1 oir. 

< I 31 j_3_j L$jI jI t Loj^?e_c J^J-A j_3jj 4<L>-jit_j_tIuJI L^LjLusI 

. Lljj^>Jw l_3JJj j_Aj i Jl>. JljuI (jljjjJI £Jj-<-u 

1_4^ t5j_c 4 jLc 1 < mi g mi j JlS I Jufc 4Jta£j 

30 J-2W j_Lu JjLJL4J i4jjL>. (J.A <_JjJjJL) Jj Ju j*JJStiH ^ ^1 1J 4 jI 

. f Li J£ SLu^i, SUES 

lLUjj ^j)"< mi a i j-a 4 » mi 1.1 4^LLaj| jIjl3_a (jr\j 

. J^VI i_)LiijJI I ju& 0^3*^ ^ 11 * '• *1 ^^_>»^l cjLaUoVI 

tCjLkL>oVl 4-3l£ 3jJLllj 4x.j-<-a]l (j-aiiL ^liUelll ^-LjufuVI lil 4 jV 

jJLj JlJ_<_oVl C—<JiILH 3jL<-U->JI ^J-A £j_$J5E_a ^jLlj 

jj^_j 4_L_u Q^_tij jl Juo 4j mi 4 mi 4Jta£ l_ 3J I j->- 

Cj L) ! j-Lu^ I CjJl^O (j L) 4_L_U2^ BjL-a^J I £ JlA (_Jiu3 Ojl£^ ^ ^ ^ 

Lu_£j {J7 £i L^lI^>U j^£Lx-i 

t l_Uj-5G-a J^J-A (jr^ c ^ull I JlA JL 4 I 0 J V I JlAj 

(J_A ^\ » mi VI |j_A 1 1 1 mi d I Jl>. 3j_l£ 4-Cj-<-oJ jj Ju 4 _j I j 

.Sl_a^j?e_a ^ jr 3 CjLIj U <>»i 4 jI _}j_<_uVI < I Jufc (- 1 11 mJ 
XJU-3 t 1 _Ljj-j?c_c 4_o_j_Lc. IjIjl^I (jL i 3J-o 4JjI ciiLub 

Jl*_UJ LfiLc. L_3J LL t JjLa (jJLufc 

4 -l uojVI S^SLII j^cj ^Ll 3_4 JufcLij (j 1 4_uj_Ls CjIj_u_u ^tajj 

1 '^j. ♦ ^ ^>SLxj 4£j^>JI ojjbj . 4^iL_uil Cr^ 50 ^1 jjv j_Lu 4-C.^-<-uJ 

(>L>.JjjLt4ll 1 ^ 3 i Uj 4jJJjljJI CjL>.jJLI (Jjls 4 jJl>*j (^JlII j_ujuJIj 

CjLIj-La-LoVl jj-Q j IjlAj t^p^u-ujj 21 L^JjJo 4 _^L>.j) 

Jal mi ftL l-aj-stA ^jL» JjLSJI JljJj t4jgj^ljJI CjL ub-i-LlI 

. ^LjLa Jl ^J-U ! Ll3j LL^lj! j 

Naked Singularity 

(jiuu J I .Irtt Ji^ I LGjjcj: a Ji jjji ? t , ci~\ J^j£La jj I (jj: /si.jJLi 

asilaj! ^ (PJI) c^J 4,u^l ^fc!_^2J! 
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O? VI a a .‘i.-X I ^ jj| ^jUoJI ^LtiVI L^jfj jLill J jUU 

lLLSJI (j^° V^Ua w 3L Ix-a -' jl j ^-T j j ...3" jLsejI ^~ai j-&l_j!i]| ojufc 

^ j^Vl ^iJI I juk JJ3-J (jjo LoL«j (jrt-Sjlj J-^C. ( 0 =*^ O- 5 ! 1 J-riJ 

•3>^' 

3J-ifcj JjV JJLp jJi3 1 -Sj-ljI < 'ia~ (Jl 1 jla^tj 3 jjcji ( J_j^elO < 1 )I 3j^La La! 

lIsLla^ UI_L& jjl .ijJJLaJI <GSL«-o jj:VI jjslj (_J l^-SLlj , 3 tj 3. a JUlC. 

ijy I(JI 4_u jL>JI C-uL£" jls 4 CjIju>JJ CjLc«Luj-U j_lC 3jlil 3- 0 4JjLa 

Ju-oj (j_oj . LaJ ui£: Ja^alV t41 g (s~i* ) Cj lju>JlI <Lc j_$u5e_a JluIj 

Li I VI <LCj_c^e-« ^IflUS V l_£j| ^_L£^jI 4tIj|ju>Jl! i j-C 3 JlJ JlC Jj <"i-v 
. 43jJij Lx_4 ^1 3jLs (j^- iS >^>o 

jLlC j| jlc JSLj/ ^ Cj1ju>JJ 4_ujJJ j_lc 3jUJj 

SjUI 0 J_A (jj-^3 LjajT (JL^ T l v I ciJLLA . £j_uaJI 4H3 L>. CjIjuse_ 4 jl 

^_lc. 3jL« jijSLj Ju9j .»I jj-<-uJI <_j j_3Il!I j J-c. {jjg> 4j^SLc «Ll3j>JI 

ij\ ciLLaJI £ L q Ja J V (_^]l 3->UI (j_c j!£| 4 «Luj-« 

.^Lc J< mm 3jU 1 4^1!^ da_<_u4 jS Ju IjjJmtj 

4^Ud jl/^a ^| 4Jjj MiU ^A » 1 Jj) < n II C_JJ_31II CjjuTiA. I JlII 
jl^_» ^_hJI ( ^it c-jj^liil J_a »1 4 UH 4CjIjjIj^LU^ (jy^ 

lLILlA (j^j~uu l_t£.J 4 JIIJlA c-.t-L>o .S^JsLLaJLj CjIjjI 
(U 3 Ml3 ^ylll _i!J-I.I 4^LL> {j-a */43 LZ'-*-aj 4jjJ j JjIa -ij-4-ul Ll3j 
SJlxIj 4_uai^_<i 4Jb£ ^LuL L^3 jJuu 3jLl>JI 42LLJI 4>JlAj 4«LL>.I j 

l_jL. lIJLLAj «diljjlI 3 SUI ^ j -3" I I Jus. 4-L-la j_uju 4_l>.jJI 4 ? J_A j t^Lc. 

. JjU3E_4J O^- 4 ! (jy^JS. 4_40t9l_a ^J-^l JjUjJI C-Jj) 3~t U jiwT 

Jj Jus. ^ujcJJI I 3"j LcJuA. 4(jj£uJ CjJu>JI (3^1 (1)1 (J-^ i-Lu JuiJ 

-CjljLil 4 j I t( jJjL<ijjL3_4lu jJsa^ L_3_maj) ^^jluselLlI 4>j-La^ L-3-^aJ 

1 3l L> a ^SLqTu ^ (J-49 4^>-jL>iJ| ^.1 »>sAtl ^J| ^^>J| 3_d-L^£,JJ 

« j j;. 1 .4iVI t /1 tl 3 jUJLI ^-^-u-i.lI,I (j^LaJI 4 jo[j 

4 CJ Ju>JI 3^^ cr^-*-o L^jI J Jj_<_ 4 jVI c-tZJI j^j-a 3 ^ L^~ LXj ^i3 

. LaJljusj V 4_jV 4_Ij_$u?e_<i 4_tb ^ju>o <LjIJl>.VI ^_uuiIL<_u I Jl^Jj 

c_jj_3j CjVLs. ^to♦ xa Jj_<_uVI c-t^UJI J^J-A 3^> 03^^ CjJl>JI 
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Symmetrical a a aJjL^Tua Lajj>u 1 ^ t jj£u ^TJI liIIj Jj^-o 

gUjl^Lo j-lc. jl 3jTut.ua jl j-o j^J_3j jI t4_ib i_i! jSLTu. 1.' . Collapsars 

1 jj LuL^ 4 Jlj^LIILjj . Jj_<_uVl c-JllU CjJu>* jJjSu 
jjSTt-U-u <?j£ju 3 jl_B 4 LjjLc _}j_<_u I Ll3j jjSrJ <OjU 4-Cj-<-4iJ JjJiJ 3jU-t£ 4-lTt^ 
4 >JlA ^ jlu^ua ^ Jr 3j . Jj_<_uVI < > «3"II j-lC jTuaj tU-%. j-a ^?Ju ^3i^ JSLTuj 
. Jj_<_uV! c-cZJI j£jua 4 jjj fU Cj Jl>- Jpal jjSu jJ / a 3l^.tl 

CjJu>. jjj l ^|-( l ^jLc jl) Jjuseua j_£jua <—al jl JLujj 

^tlalLujj jJ l_^-Luljja jl ciJJj 4 ^Ljj_l3JI ^JL*J 4jjI^ jjSj 1 m— jj-utJI ^yC. 4_LaitJ 

t l! 1—To l_^_J L_b 4 3_}j_>J, I j£|jJLl 4?Ju& CLUjSu I jjj • £>JU&U^J 1 4? Jufc j_<_4j_ 42J j| 

j f. jl jlSLUj j-ajJI ^ua Juj C.4- cv -j^ljJll <jia*J lLILl&j 

^TLa 4 _}j_>.jJl ^jC ^ 3**r?ejj 3jlil L$_l 3 j I j- 4 Vju^ 4$.ljj_ujJI c_jjJuJl 

White ?:i jtTauuJl 4 _jj_ 3TL1I ^ < J 1 j \r j£ljJJ 4? Jufcj . Ju Jcv j_xa L^jtj 

jTa_j_3_j Jjuwj w 3 J La jaILuujV 4uaL*JI 4_j_u_4j_lII 4jjIaJjl ^juuJj . Holes 
.^uLa j_a »1 <>> j ill 4 _jj_3!lII ^JLgTo.1 4 ^Ijjj_uJI 4_j j-3i<U 

Ju9 jlj-oj 4 _ujL>u 4-*-ih I J^LLaj 1_4^ 4 j_*ajJlj jlSH! 1 qS* ^uaJuj j£jua 

. 3juJu>- L^-u 3 jj^Tb 

c_jj_3TL11 4?Jl_A ^ _S~ > '3 (jr^~ Ji-jjTd 1_>J I C.<_ajJ I LlA j_u_jJ jSLIj 

4^LLlU £-xlxS IjjTdjILsI Ju 9 tiJJL3JI vl <alr. (j-saau j! ^iLjJ 4»1 

4_uLj^ ^j_uiJ Models 4-uTaljjJl oj)<vj3j IjJl>»Ij tdiljjIjSd] 3jLo-JI 

* L4W. 

l^jlr jil^J CjIj^J. 1 jiaJLJ jia-^aLc 4_^J lLILx^ 41 Juk juaj 

4_jj_j_ilj caLuauJ jJLu-aj ^ylll 4Exploding Galaxies 3j^se_3TUI CjIj^II ^ol 

Lr^l cJjj L^jtj dJJLaJI ^U1*J 4 <Ljj9 

t 1 3" | jlj . 1 ^1-^1 \ «>»j dl i_jj3Mi jjlc Jl3^ 

»I J>j-«-uit c_jj2lll jl LijLT lC .\ 4 Lu-xTu^L ua ^LaVI ^Jl 3j_Ls_>- 

(jJLufc jl 4 juIj 3jSLa L^jI Ju>«j 4 j- 4 SjLM 1 ^jlsLua 

3 1 Uj ^_j juaj jjSUI ^Jl (^j->>l 3jua 3j)UI Juju 4 I ^LuauJ l_jj_3j 

.Cosmic Gushers 3_ujSJI cjL3^juJl! ^_ujI jLp.Vl ^jTuu ^ Igjir. 
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.VI ‘' »3~ tl ^yn j^jlu ^ull 3^LI,I cj^Lw • (J!jliu jus Llaj - 

:LCcvI LjjLO^.1 LjJl>.| Lit IjlA <_yl£. 4 jL>-V! j 

3j_c ^_j tg.1 Jij mi tl <_jj_3!Jt ijr 3 _i3_iLU (jl Lcl - 

. (j_«Vl ljuk CjjJl>. ^jlSLat Ji^Jj 4-uIoijj ^jL^-j ciiLufcj) (jjSLIla 

c-jj) 3Ml (jr -^ 3jUI ^3 (j-oj iLu ^^_lc j^>*T Lj(JJ1_La (jl jt ■ 

*4jjJl>. Load I l> j&jl1\3 4^^-T 03^ ^>-' a Jp3 Jloj * La»1 _i^.<.uJ 1 

LtlaDj JlII . Luj£ Jila tjd>.V! (jjSUt t^j 3~r?eJ (jPil 3jLU £)! i^g\ 

t—Jj) 3Ml <j_c J_j_ 3 ^j-o LaLLuj jlSL^VI eJJb O^J (j ** r Lr^! 
d />> ^1 ♦ tl 4 \\, mV! (j^ada 4 jL>»V! ^t i^Laa-uJIj ^Ijj-cuJ! 

4.j»-l.lIo (jyjt Lo J!l« tCosmologists Q>^JI »1 *\c. 4^*.!jj c^Jlj Lc ^3JI 


lU^Jf ? 

.tiJJLdJI »1 air. 1 g i^juloj ^ jy IlJI jlSL^VI 0J-& 

xUAif^ >JI jblM 

<_y _3 ^j <<) *Lljj_>JL 3 Jl-l.*- JI c^Ij-LdVI ^-Ilj ^.jjstlll j, 3 < till (jl 

(J-Tt-^JLt-u »1j>j) Mill t_jj_3il]l JL3 j JUJL! I jla • jloljJI Jt3~Mill 

til 4 3 3 •*• d 4 _jjL£ L^j! *^$*-*11 (j^a ^yic. 3jj)Lvv. 

4_LaLcJ! ^L^Hll ^Tl.l<-u j t\\ ^J, t Ll3j ^ 1 <>.Ml jljj jo.I l^jLo3 
. j^>.jj| £j£. Lk«:Liiwl^ 1 ^3 **-1 itj i L^ Cy*-? 
£.L$JL*J 4i^ Mid ^1 JlLV ^^jLllII ^Ua-Lll ^ljj_tuJl tajaill ^jl 

.^J-U ^aeJJI 4 jJl>*j jaVl (3i>^ tedLlII 

^L^ Li! V! ' sj a /1,1 l_<JLIlI! 4_j3j ^j-a *.\ >>> Atl ^Ijj ^jJ ^ 3 ^ 

^a ^jasj *4_dljJ ^ ! C. 4JL>.I J ^4J n ^ jy IL!! ^1 ji,! 4alat_<_aJ LLsLse-o 

»1 <>>3fl j!jj tj.t^-%.(Jii-cd ^Ijjj-oJ! ca^diJL^ 
. L^IajJ d>^-^ ^ (jLp-Vl ^ 4aV 
3)' lajjLdJ t^Laxil! ( ja 4au_uLiJl 4 _jJL>J! CjLxLoJ,! dJJj laj^Ja Li! 
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l_Lu * 4 jL*U 3jjLs 4Jl < m a (^jLc. ^j?e_Li *-1 «>»<* Jijlj vU ,^>1 JUl^l 

(jjAliJ LaJiIc. L^jlj / <d ^ 4- .>> 11 ^jjseJJ! ^j_A JuiS a t Jj-<-g] 1 t_Jj^!t]l (jUs 

JUl'vte tilli <^>V1 ^-5tlll ^-5t5tJ 4 jjL1Uj I Ju>. 1 g a **■**• 

. 4_£LIj ! 1 I Jl>. jjU j-fll Jjfc 4 Jj-lxjI lu2Z 

4fiUf jdLfl* 

CjL>.j_a JA 4 I 1 ijr Lc t^LLaJI (j_A 3j_u£ CjL l a^ (jl t J-i-sajlII I JlA ( jr 3 l_Lu Jl31 
{j-A Jl_Lj ^_HJI 3 All (Jjl3j 4 a I.} j_4_4i_H i_Jj_3!l!1 jJlusj £)l 4_ujL>«J 

4_jL_> ciilAJI A a if. Luj Ju& Ijl^J *4_a1jJ JSLcu ( _ jr Lf- CjJl>JI I JA>- 
-3JjJl>. 4j9LLd jjLua-o ^1 4 _aJl331I Lo»jJjj(STJ 1 (jI ctt- LV -J 1 3" mi 1 ,1 

^>£Laj 4jLj ^. 4 ^Hal! AiA Ijju-£2-o g.i jj.oiII c_jj_3iiJI jLlIcI 
c-jj) 3Ml jA tl ^1»1 cjVL?c-c J-^c. 

aLu £)£Laj 4jLj jAT vl aIt. jAs La£ 4 < ^Ljlijlj Ajj-lAI 

l-AAI 4_u jLv j_uG Jjuu jj Ju La (jLc^_<_u 4 Jij-t-uV 1 c_AAI l_xa£La jLLj! 

,4^LLal! jJ i^<i^ 4-1^1 »*< < til ^ jL>o J-LjuIuI I Jufcj 4 Jij_«_oV! 

jj_A 3 a! U> tl ^Ij^a- "1 , nV 4 ^j-A 1 4_3jj_Ia (j_4j jl>» jj ^JLAI 
^1 (jj-AJ (^JsLLAI 4 3U i? a) j j3 < <ijj>.jV 1 ^jLj 4djlj jJI t_Jj_3i(Jl 

.^^yJjLadLlI ^LjlxxjAJ A-3->- JilAij CjJl>J 1 Li Ja_po 

MmAj giU . .djriiil MAnJI 

^jSLcJ 4jLj 1 J-ILaj 4^A-t-u^ JlJ-<-uVl C-x^jJI ^I JlAlt-U' »UlfcJI 

4_Cj-<jj ^_jj_a 4_j^j_ba_A 4-lrAH jLtxiJ 3 a! U>tl 1 4 4ir£Jlj 3 a 1 U.ti 

L^j! 4»1 (S~t 3 tlj ^ * J J 4_5£_UJ 4 >JlAJ 4»J) <^tl 

c_jLu_uI j 4_j_b ^>»jj v j^t 1 j 4 jj jJl JjLAI CjAc-Laj iJT £i ^_i_o_ujJI t_ «1 < titL LjJlx-s 

* Ij ^)-U-A-<-uJ I ^L<-Jil 

^yuj-f) b)!—ILc JL^ 44 1 tlj 4^Lki! (jyj 3_^A-*-!l jlj_c 
t ^» 3"i 11 ^I jlAL-uI o^L. 4 LjjjAJlA jlJ l^jlII ^j-A (^ySLt-ujl£~ 
3 _jj_j^1jJ1 CjL>.j_U 3jJs ^ j -V <AVt aj 4- L - t -A ^.3^ 14 l i} 3^ Jij_t_uV! 
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pLaoJI \j3 6AujU9U> 

c jiUj 3 j_3_!1 BjLj^JI oJlAj i_j {jj* LajIjujL 

4_^1_>J I LljJLl (j-o «Lc. 1 j-<-uV I c_x^IlJI < 1 Lil t Lujlq I Jl>- ^Jlu 

1 1 ^jir, J^LJI ^Lt-JliVI X99,8 (j n^» c. ^JLc. 3jjL3Jl 

‘' > 3“*«tl l ^yo La jil j3jLj CjI^-c 3Jlc. p'>>~ jjT ^>SL4 j cjLlLjuI/^I <?j_a cjL>-j_4 
4_Li_jj>Jsl blj-U jUtijl j-«Vl 3j^ ^bj3 3j_c oj_<_uVl 
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4_ul 3,h</ia : (48) ( jSLti 
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^jji§ iji 

1 a A. J ? < m V! t i n‘i't iliJLsJ! 3^! 3! 
«L3jjtj (_£ jJI ^ajjUtl joJL*JI JJljJ 4 j>.jL>.j 
CjJLsJ! 3 ^! La (j^-iV i~i (Ji. Jj jjl La * LuLjj_i^ 
_jJ i^jL^jLl ^J1 .^-Vl 4 J |f. Jj-y" ( ||J (_yi>- 

Ij^^aLcj a! i>i a II aLaJLc (_>aa_»_i at-C.L5c.Ju]! Cujjjl 
^ 3jjJI <1 i_uSl!l (_,]! ,J_ji.jJLi 

jJI IjJL>.j liLa i_3j_*j (jl IjLil ^jtVi 1 n't 3J 

J^ U 1 (j 1 " f 3' J-jiaj-uuj V j<u jjuOJ 

<j-c <j}M (jik. Jai La jjlfl iJU. (jic 3&J 

L^_il 1_ hj-xj CjLj^_Lj I a. „l , ,.l La-i! ■SjL^ai a 5-5c_(J 1 

^aJ L-LISLIj ia' iJt ci !l (j-3 3^Lai (_yl^ 3^'■°~ 

_j m . 10 .1 ^ jL |j_J,L-a Ijl U->>| 33^50 3I 3L" ,,.' 

Ij—uuLca IjLlSjxI ^J-uicaJ 3* LtuSLa-l it_3!. ..VI IjUk 

,3 ac (jJ! LjJLsJ! 3-^! JaLlj !j_ili (j 11 a nj . I gjlf 

I Jufc u ' a* lLLLj 1_lj1_j^_L_j 3 .1 .' L".' i Jij-uuV! < _. 3~tl 

33 < i mi LjjLSLsl 3! 3-0 3 ^ ]! 3^ L",..' Vj 

L^SLJj i^UJ! cc^l 3KJLI ! juk J& 

4 jjJl>. jjSjuj Lac. Lcju-a Ij-iiJ-a I »jL«~ 1 u JiaV! (j-lc 
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(jI J^l ■ L • $ < La JlIc. 4^jJlj La Jjlj • Jj_<_uVI l-<-SIlII 

(^jJ! aj-*laJl (jl Ijufcj ' w jJa a. i ,^7>\ Jj_<_uVI l_<-3ILII 

. _}l£ j I JlS 4_t£. jJu-^j 

4_uLla3JI 3 Jlu^JL 1 t jL*j Lul£)j Jl£ La! (JJjJlj V Ju3 L-kdjJ.1 I J_£> 

<3^' jjLsela j I La ♦ III 4_uj_a j_lC L^j! till!} 4oL>aVl 3ji_p*j 

iL-uJLc ^ I C. L_U Ij L>J)l3 a LU_C 1 JiJ_<_uVl ‘ * ' A^tt y^J-A (J7 ^ Ju>o CjJl>J1 
^^LjlII LULc . jlSJJ J_a j_ajJI ^_aJ oj 4_ui3 J- l ^ T u La t_jj-c! <j_a ULc 
(jl lL>j, mi i ta 1 <>> 3 II oL>«jI (^1 ^^3 4j^-stJ ciJ^-stla (jl LtlSLaa t<—SjJlJ.1 
4_jI t Jljv-Ij ^L>ol Laalj j.\ < «j (j-ajJ! Lai .4^LLaJI III 

Ij^j.fLaVl ^1 IJlj! j-aa 4_j| VI CjJu>JI U 1 n (j_a c_j^_ 3JL jU n 

tjM-IoVI ^ lr. aj.U j.,, LcJ V <*tl tCjJ l_>JI jpai (J^Ij LaLaj 1 ^3«j 

.. _}j_<_uVI < > «5*itl j^j-a cajj^D ^aaljj (JjLfc J< mii c_jjL5e_a (j_stl3 t Lt l L v j (_ylc 
' j ^ f j ^ (3-a.c.l c-jjgye-u <j_a LuLLaj j I L^JL^tj (j£La-J 3^9 4 j I L~ . Vj 
♦ Jj_<_uVI j£^_a ^jTl>JL 1 ^_j_aaJ,l (^1 

j_a t_jj-aJLj 4 _jLL^jI L-t-Lt-uTa <_^l]l J-a' jaJI j-a j_ajJI jo^>a j>SLa! Lilj 
La^ ajJLj Jij^jjVI c-^alil J^j-a ^Jl LuJLwj (Ja^o j)l ^j_a LlSLali *CjJl^JI ^3^1 
4_cL_oj (j-uLaj ^ jJI (j-aliK]l 4_Laj 4_*_a Lea <j£LJj t Joj-J 

I J_A ^ ^ 4__jIAJL^ ♦ Jij_<_u! < * * a" t CjJ_>J| j)_a LaTo- j-uuj (jr^3 

. Jljju JufcLiJL ^ylljltJI jfAJ^La J^Lju t jl£Lll 

La LULala Lil iJ^euVl c_x2lll <—ij^ (j-ajJI ^U n ^aJ (jl ^tlalLeuJj 

(jl .CjJ_>JI J^l 3j-^ jH 3 tl)' (JjLse-j La^LLc. aj-tliil CjJ-5cj 
L aJ l_Lc jLea JufcLaa La^ 4_u jL>JI ^^ <LlIc. jaJj ^a3 (j-aj tcLaLL 4J aj-eiail 
aj-e^JI t_j(_^ij t 4_ajj-L ^ ^Liaj ^Jj^. aj-e^JI j)-a ^Lui (j^l^t-a 

4_jajL>JI 3jJs ^ I r. t- < \ I (JJ_a (jl 4 -lIc. t j^eoVI < > «31II j)_a 

. (jla_aLiJI CjJe>JI ^1 (jr^! Cr^^J 4 ^ ^pJI 4_LL^]I 

jj£L t Jj-euVl L-iolll ^L ,,, j)_a l^_e>. I aj-tlaJ' (jSLala La Jilc.j 

^_a g > i nl—IT lj aj-oaJI 4 _^LLd (jl O-Ljyj t4_3jLeuJI 41^ LL (j_a jjlSJI Jl3^ JlS 
4_tla-lit_La 4laJaJ (jj^a t^jL>JI Ij^p-1 J^l £j (jLb (jil 4ZaJai 

JlS t (4Z3LL2J' ?a) aj) <^>tl I JlA j)_a 4 jJu j 3ju>.j (jl Lulsj-^ jJj . I Jtd. 
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I I J-Jb jj)j_A 4—t-«-oJ I LU ^_uajJ t4x.L_u Cj VT j_UU_G CiA jJjfcTn-ul 

^ jGr ~ i n 1 L^uSUj t4 _^jL«Tu.a 4x.L_u 4_i_4_uj>u (__£ JlII ciJJj Ui-La-j Q^SLu,_u 

. ^_ ;r A La£ »j-t-^ai 1 4 jJ u!i 3 jj 9 ^ 3 n CCutJ (^jLl jJu*a_A 'ajuG 
(jlil *CjJu>J! j.31 Ju>Jj (j- 0 ‘t 1 J-^ cl)' 4 G£_aj **j-GaJl £)' C.<- LV J 

Laj 4ul Lr^I *LL».'.i t ^-j- ,M ^ <.<» <«MI (jj* d)J)^J < a 

l_<_3jJ! j£,j-& ^J1 LLajLfc Jl_u j_&j La ^-<.o^» a^jJlLlmj ^jJI ^j-ajJI uLa> 

^lc. Jla Tu U (j_AjJ Lul > . Jj_<_u^M 

4 J^_u_ul < / 3*1 ula-S-t alL-u L£ 'jL$ tuLaj) «^t' (JLLa ^_5e_>JI 

cj & ~ l "\J 3 ' CxiL^-4 -Lul4 3jG 3 ^LiaGjI Juu &y£j-a ^Jl jJ-Lt-o Lul dig 

♦ ^jTl>JLI J-LuaJ,' 'JlA t r J J-6 J (1)' L(JjL>>. 1 A^ a i(j_AjJ' 
c-GGJI <j_A t^yz Ll£Laj La 3^9 jjv jj VI :<J'J_<_u jLLi LL&j - 

£)' L_<_3e_j 4jLj_^_jV! ^j_A !Jl_j3_a j_Laj (jl JjL>iJ 34j| £)| .S Jij_4_uV! 

j_A> <J * au.u 3 al U. 11 ojjt j \ ,^> aj . L^ lj_uG Cj Ju>o 4 ^LLj ^.Ll (J-aTlGj 

t4_Ll£UI jJl^J 4_j_GL>. LjJ^j! cJLLa cl)j)^J < n y^A 4J jJ 1 ^C-d , „ A\ 
jLt^jVl j_La JjL>o ^hJ! 4^LkJI j_t^ LaKj tjL^jVL) 1 Ilaj 

I J_jT ^jSLaj ^jJ ^j ( j-Aj ,. U> ♦ <>>11 ( j_a |jaj_A CjJj^j I Ju&j . 4_u jL>JI 3 Cj jlj 
I jl_a (jl ij 11 ^ - t - uV1 c-^UI ^1 j-uG]' Ij_a 3jja ‘rO^' 

*^IjL3jJ Jjl oL-jVI JjLv La^A 1 *Ua CjJlsT J > (l 
^Llil »LliJI ^jLj-j 'jut (j-£-*J ^ 4Jj-4-uVl c__GlIl 
^jj J-aj) 3 M(tl I tt\ c^jJI Ct^jJI 4 ( j_ajJI ^J-A 3jH^ Juu La ^\ 4-LcvG 

~Q 11 ^ <^1" 4JL^ t a * iss £yA ^LjJLs *^^~J 1 * ^\ 1 ‘ A 1 " J->-'J j^jA, I 

C-Gj <Lc!^_A Jllcj . 3juvljJI 4_ului' A (JJ^-lLa ^_ r ic Jl>.'j ^11 Jjv. j-Lu 

l_Gj La 1 . j^jJLl J ilc. ^Lli! j-LAju]' ^ jy IL>.j tCjJu>Jl I jj_A uLaj) 3 Mill ^jru 
4 j^Lj ^jJG^uJ do j 3 , ,.tl ^j_Aj 4(j_u_A-t3J' ^j_A 3j-A Q^_lLa JGjI JJ_<_u ! 

(Jujae-t-G I Juj i Llj^u5c_a ^JGj ^£i ^JjLa ^ « 3" t 4 _u_u-lIIj ■ 3 Aj . ol_c.L_u 

.(1)^^ 4JSJj d>^-cj cj-«j 

^ ^ LlA a'j-<-o LajuI i4_t£. CjjL5eIu (_£JJI ^j-ajJI G' cl)' L r JLS ^d3 

LajJ t Jj^oV' L-GjJ' J LuaTuv 3i rt (J^jGJlLa < U ') jl 
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3 _aj . LL*_s l^u^j Jlj 4cL_uj 4 lujl . jl 2 j (^jJI Proper Time <.* mllll l_LUj 
3-£- Cj Jlj^-Tlj 31 c_jlj II 3-3 jJ 4 j! LUL 4 1 JlA ^JLc. JuSgII 1 ^ ^^ 

JuJutHll I Jufcj 4 4_4_4 jLl3 4_ui_}£ 3 A -p- J 3' 

<c jlSLUj ciJLufc ^.aJlcj Q-l>. Jj_<_uVI c-urlll 

I—SjLaII! lLU T i^ 4 ( j^3jJl_J 4 _udL>JI 3j£LUI ^yULi ^1 Jiitl_<_4jl JjUel JlSj 
L- idZtJt i—jj-ua < U> 3 > j^e_ij- j^>o ju JlIc.j .3 Juaj 4_£L_u_cj CjJl^JI 3^1 ^jL>> 

cjLcLl^JI LLkau^V IjJj 4 3jj jIjJu 3_«jJI o!-^L>uVI jlo*j jj^oVl 
{j-a LujuSl I jlj l^j-uj\ ji 1 <n L$j 1 III CjJlJ I Ju>. SJujuJI 

Ijjjjus . 1 3it^> A tij^stlu V L^jL£j ^ JlU 4 Lgl£ Jj>. £yA L 4 JI 

4 >L>uVl ^1 4 _c.l_ 4 .uJI cujlJLc t < I 3 n 43.4 Lulju^lj < 3^1 

^j-31j 31 3 "^ V j_j 3 - d 3 - ^ l)I l£I * 3 " A 3 "^ cr^ c 31-^t l ^Jl j. j< <11 LuL^j ^ < «^»t l 

•4j*JI cJi !fl-Vl 

1)_C 3 SL 4 IU (jJJj^J 4 l^jlf. t-U->U 3 1 (jj L^jLs 4 mV JjL_ujU 

j^j^a ^Jl j^£s Lt-u-i 3 I Lluuu I jLb . LjJlju < k> 3 ,,,~ A »>» 3 3 ^ 4_jL>.I 

iVl 1—L« ^£> t-c, ,,j 1 ^ 1 33 ,„ 4_3^ju 4 j^_4_oVl u-t-Hil 

L^i ^ -tlaju 1 ' \ £yA L r LS ^i 

Ltlul Jj Jl 3^ ul-bltua LlA (j-cjJI .J^J-U (j-A LqLu teLA\ ^yULi (jrlc- 

CjI a Mltlu Ju3 L^-Luj . ^_y3 I JuJufu ^JL*JI I Juft) (4^mi) ^ygjj-A 

Lj^-U^A ^LcjVl Juail llstcjj 4ul^ 4 3>.l jJI (J-A Jij-LM VI C-xulJI Ml! 4uj^JlI1 
41jL^JI 4_ujL>JI jI jju (jJJj JjlIj 3 -stlj LuL^ 3 ^ c rLH^ o-^J 

Vj . J J_4_4jVl L-xuli! jS^yA JlIc 4ujL^J V (jr^* JI J-A^Luj Li LLlIt, 4jl2I IjJ! 

Julj tlu-jJLc, 4_jujL>JI 1—Lt-»-<a IjIjlIa VI J-g-Sfc T tJ 3 ^ >«1 

q\ . 4_j_iLjJI (j_4 U juv j_Lu 4 1 Juv. ^J- 3 -U ll^aijl 

£y4J 4jut_J! Jua 4 «U t 4-ul I 4 _»u_lL3 CjI j / f 1 «>» 111 Jutj 4 _*_£!jJ! 

(__<_3uJI 3 ^ r - (3^- lLJI_LA ^ 

ju^l 4u_aJ l£ 4ujjL>JI -*! 4>LoJl£j Lla^L-u 3 ^ Ijj 4 Jj^oVI 

• 3^ *-^-*^1 4_4-4jjj>* 4_l3j 3^5 
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(jL^ t Jj_<_uVl C—<-3l(JI 4o-j_>J I g> 3 t^ < t I ^j_4 /?.! «>»Atl Jolj l_1jIL3j LaJ_l£.J 

Jjal Ju£. I Jln. 3j_u^ L^LJLjl^ I JljJ *4jI_£j V La ^1 j| jJ3 4_u jL>J1 i^£jpb 
t<U 4jl^j V Jjia ^ mi^JI Juu cilljJ 4j5t_ujj t4^LaJLl c_3^Lj_>-I 
JljIJ. 11 I <>»lt IjJ^j t£_3j jjfej jI j^<£ll.u Li ^ A *». Aj ti ( j_ u _jj ^ia-4j| 

. Jj_<_uVI c_<-3l(JI ijr 9 

^jso* (^£J Jj_<_u I <—-<_3 j £>£, I Jluu ju-a ^ 4uLt VI ^ 1 «f 1 JljIj ^LbtJ Vj 
^^JLc Jlj-J V OJ-^J I J-$u jufcj i4_3H>. ^_2 Jj Jl J_l 3 t( j ha Mill ^jL_uJ 

4^L^a VI Jj_<_uVI j > 3~fl Jl*_lj V (^jJI) CjJl>JI (3^I ^j-A 3 Juju 4^Lula 

J_a (J-SjI (ji^Su V ^ jJI Jj^uVI c—JuJI Jl ^jSglju I J_A J_a . (t 'a t/>\& JJLa jJL^ 

^1 (jr J_c LjjJs LjJla Ij-jLj j-jJ_j Jl 1 '' Ml * <*» (j- 4 4 jLa ^1 j u t c. 

VI CjJl>JI j£! £jL>. 4jL3j 4_La l_j JusVLj j_aLju • *\ »>> Atl < n a 

c *.i-3-j J_a 4-^1 ( n a ^ I f, j_aj LaJu£. 4(J_aju 4_5cjjI j_<o 3 jj9 Cj^ a~ < mI I jl 
. 4 _La 3j jjl V (_£JlII (Jjj-LaJI 3 ,„ Vlj iJijuul 

5jf$*l! X?4£jf 

Jl 4 JJ_<_U I C—<_3j j£”^_A £-3 j J « 3" ,,. t, 1 ^1 «>*A Julj o! 

cjJl>o o_p- 4Rotating Black Hole jI jj Jj_ul c-Ju 4JL^ ^ 4jIjx. j!i^l 
Stationary c^jllLlI jj_<_uVl c_l2uJI 3JL>.) 4_3jL_uJI 3JL>JI Jjl>o 3jljJl>» 4J 
»1 «>>3tl julj jf Li>-. Lgj La IjI *3j-jILa j_j£ ljj-«t jJ^lj (Black)Hole 

4— 0 .till (j_A ^l^jJI Jj^uVl C—o3il 13 i II I jl t J-aLluJI jUjlii 

iS J-^l uLLS 4 _j_3 jJ iC_jj_oeJLI JSLtToJI J_a jj^JU jijJLJ Cl<-L>. 4_ul jTu-uVI 
0j ufcj . Jj-<_uVl < « 3" tl ->» J_A Lu^i> ^pilj 4_ul^j^UI 4 jjJLI 

J^J.1 Ljr ^ j_2j t l_uLij_^ JljIoJLIj tCJ-jLlil Jj^uVI < ^ > 3M f 3juj_3JI 4 -l/oL>J' 
4_*_3jl JlS tj3L»JI 4l^i^> g .1 />>~4 Julj (_£l 4 JL 4 III L^Ia ^Ijuj LaLaj 

jljjJI Jj_<_uVI j - 3" tl [Jj . Jj_<_uVl ‘ * - 3" tl J^c (jy£ CjJoJI 3^1 
(4jL^>UI jJLu 4_u jL>JI ^£cix_p-) 4Tt-uoLv- L^jjJlJ jl 4_ul_jj_^ 4 'r-x- nil 
♦ a I>L^uVI t •%. Jl 1c. 4 31*>> JSLtlu lr. 

lLILj-Jj 3 j in ^jJI JoaLJLI (jr 9 »1 t^3ll JljIj (jl-9 t3jljJ 
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^lllj r^[^\ 4_u ju>J1 ^j^JI ijJJj jjjG c 1 11 n) og.Vx£> ^GLu-u jljj J j-<-u I 1 *i7T\ 

j-i^VI jljjJI c_x2il11 ^1 J^eiuij * j1jj<-*-M 4_C.j_<_u LAj-uLj 

t U 3 < mJ ^jJ! s-LjaAll JljIj jLs-Luj-seja j_a l_Jj!u2J ^JlII ciJJ j JlLo-j-u^j 

Jsa_<_ojGLo jl j—jJLi^aJI jljjJI Jj_<_uVI L-tSHi! 4J CjJlscj LI L^^L>. 

4_£Jj tCjjL>Jl j^l ^£> 4lLvj JljJa 3 Ljj>JI JllS 3 n j I 4-tSl^j 4 ^j?cj>JI 

J_a . 4 J cjjL^tj ^jJI Lja .^^.jLkil fJL*J! <_JI ji jju jl IjljI ,,.j jj 

Cjj_*j jl L_C.j_>. Cjj_$j ^^-Tl-'V. 4?Lj>o^I Jl- l j v j l^}LJLJI Jj>J J jJJl_j J-ks-J 

. S 4 J*.j-^-lGjJ L 

£.j_>JI ^ ** )4 mi AvJl-11 tjr ^I<_Lo ^Jl j£.Ju t41*< t oVI olsJt 4jL>*VI jl 
<-dJj j_a ^Lc jJi j jSj tCjJu>JI J^l J}L>. »1 <>>3fl JljIj 4JL»j j_c JjVl 
c-JLill ^ 4 ^jL-o jj£j l£Jl!Ij tSpacetime jLSUI J j-«jJI jv JiU jG<J1 
jlju tjljjJI jj_4_uVI L-t2lII 2UU. ^ jSLJj ♦ L->Lj-#^ juUJLlj jj_<_uVl 

Js^>> JlIc 4_3_L>JI 4_u-^l_>- <_jj_l^ jJL ‘ £_3 Jlj1 Ju3 f -1 »>*Atl JljIj jj£L jl 

3j_4 jl£JLlj j_«jJI L$_l 2 JjoljuJ C^t-Q> Sjujljw 4_3lj_L« ‘ L> 3 , „\ L g. |jTu-uVI 

. 4_j_jLj 3j_< 3 4jj Uj r 11 Cjl>Z »1 <^3fl Jjajj ^LaVI ^1 j_cjJI j^Jujj 4 jjJ»- I 
jL£L« (_^JI jLc J_3_S 4 £ I JuLj-a] I f-1 3tl JljIj j ^ Tm jJa 4 -LvjJ.I 4>JlA 

.CjIJu JlS 4_lcLL« jj^j j-a^I 4j^LIj 4^»j «UII ^JLjlII 4 1 mij 
jiw! jjSL j 41^ ^IjJI 41 IJjJI tiJJj 1^1-^ n (_pJI 4 3U/114 

JLuajVl 4-tSLcJJ Jj 4 Jj^jjVI < > < 3" 11 jSj-O j£, jIjlIjVI ^jt«H > tlj jVl J-Aj t LsUj 

4 3 U rll J^L>- j-« t_Jj)j_^]l JjLjcj JlS 4jI Jj 4 4_*_c I jla. IL-u jj jJI 4 jL3^j-j 
( _ ; r £ 4 jlr. 4 JjL>JLI 4 ? Jl^j I jl 4_t£U j 4 1 ■ U 3, ,.j jj_4_0 ^3JI 4_LJj_*JI 

4 l 3I"Vj jj£ jSLIj 4_^jLtiL^ ( j-olj_>. CjI j 4 3ULa JMiv J^L^ jl 4 j_jljJI 

»>>4 JljIj jl (^1 .^jJljJI 4jj^ ^1 BJjjlII IjljI . «.j jl^ JjL>^ L^-oj 
J^ljJI ^^jJI ^_^Jl_Lj 4 j—L- tSL!I jljJlil JjjduVl L-x^jJI 4Jj^.J Jjjfc-4J J 1 3" Mill 
4 jlSHIj jjsjJLJ 4 j jL*JI j-ol j^>JIj ^jiajaLc L_-tJjJl jlSLc ^1 4jjaj 4 j^jJ.1 4 jjwLj 
jl L«j ..JJ^T jj£j //?.! »>> A tl jljIjJ L_jjJULl jj^-ll : jujSj Jj-salLc 4JSL1 j 
jl ^ miT. La Lai 4 IjljI 4_jJI 3 JjjlJI >n V ^Icv. t 4j»1 <>>311 JljIj tiJjjJ 

. 4_Lc 4_3 _lSJ 3j£Lj LjJL»JI ^Jii j imI^ jj>.VI jjSLII I JlA t _ T j 4 ?Jj?cj 
<-c2j ^JLc. (v) L)l ^ULtil tjiaJU iXh^ 


2^12 




pLoojJI 


!^i\ »l I>I a II JLjIj Jjjjj . (?) JjVI (jj^-ll u-^ ->_J^>->-all J5L«-0 Jjj-uI 

4 K aj i a jjs-VI Jijj-uVI ‘ .3".tl Ja j S i ..tl jjl 1 i( l) Jl 3JaJtjl 

j_«j 4 ... a \ JLscj La J_Lc. 4_ili >. .jtcj La JUj ■ “Ixasj^. Ja-ao (jja 

JUJlj>. (Jl J (?) -ij-auVI l_a2lll j^J-o £y» *(J-aaVI jL 3 jjj^ 3 (JLi. 
Jj-uil i ,7n JL. Liajl (_£j=eJ 4 JSLIj (i_j) i(l) (jLJJI <_LbieJ (_».) J.? 

(jjs Ljtli 43 ^L>.j (_J a~ . .ij (j! . ' I .all JljIj a^L". , gj | J*\ flij . JLa-a jljj 

♦(0 cri^Vl 4 oj£ 3j>jaJI j-a IuL»! j£*JJ jj 4_&]j ijJ *T jj£ 

(^jJI »1 j^Luj-a V <g_u-oL>. jb tdxjliiJI Lai 

<^JI 1 g j 4 La J-^-c ul oi a. jS.Tj jj£ j*J L^jIj 4_j 3 t Un g j 

.3jIjjJ! j-a j .cOjliil t_jj_^iiJI jl j_aj .^jlc. 

.SjljJ » 1 JJ-<-uJ 1 < JJ^ltl p ^ jj£[j (j I » Lal»-1 I 
jiLJil till jJ tjjLoil L^liifcj ^ylJI jj^VI OLvLUI j-a JljJl*JI tiJLufcj 
jl La^ tjlJJ Jj-<-ul ‘ J^>*lj »'■fc.tl <r $juj 4jl3jI Ju 9 jj£a ^ «>* A11 

a j_aj_ll 4l>.j_} ^Ltni] 4_a2jj 4_aLa! jj£a Ur L> ' 4jj^ ^jL>- £_aj 

jSLIj jj-<-uVI L-x^nil <JjjJ lj ^jJI jl jlU 

^LjLtfa_U! JljIj l . < < <i tjj^JLl <Jjjv. 4jj^Ij fi 'l> fc j 4 jLia-o ^L>ol 

jJ 4lb t JL>JI 4 »j i t—t^HJI (jljJJ <- 11 mLlu j -0 Ijl JlS-o 
IjljI j-J 4_jI ULU t4 -l<-u^ ^jJI j-ojJI Ijub ^jJjttTu-uJ jl 1 “J 

. jJwT ^1 jj^ j^a J-^-y ‘cr^ 3 ^' U*l 

Ijl VI ^JLj V j_-cjJI 4 JL>.jJI jb t jr-w mi nV 4jj mi <tl 4jj-taj <- «< 

^ JlA jSLIj t^J-C^Tu-u-a I Ju£j fi, - j < >s 11 4-C.j-<_u j_a j-iS” I jjLcull 4_c.j_t_u 

I jLjfc L-tiu-bj taj-LsaJI 4 _Cj-<jj j£. 4_Cj_oij jSLa-a j_<L_uJI jl Jl>u 4_JL>«JI 
j-^ljJI . jIjJlII Jj_<_uVI J^l J g-1 »>. All 4 _ujJlJ 1 g> .Utl lIUj L./1 t.tt) 

j U t a (jia^Lu L$jV t»Lal « Jj lju>. 4^cj_a j_ajJI ^ Cj^LvjJI oJJt jf 

a jjSJI IjlA J* 

t_jI jjv. ciJLufc j_u_Jj I Jl>» 3j_jj?e_a 4 jVI CctTLa jj I 4JL!l<_o VI jl 

Jlt- U fej Cujj Ljj-j^Laj 4-ajjI^i4 4 J^VI (jyic. j-JaL>Jl jJI bjlr. Jlj^I 
Jljj-j V IjI LlIs j_a j-J-i-j jV La 4 j>.L>. Vj 4iUVLaTo-VI qJJL JlLa JlA_lL_oj 

.j.jioL>JI (jr A_ulaJI LtlLc ^-<3J jl VI 
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JLU-^1 cdL-LA ^LiiLjj ijljjJl l-GhII ^J-^To-uU 

i (J_u_ti (J^SLILb t 4 -Ll^Tl<.u-^ CjJU jJj i4_Uj_*J I jj_a^l £ju& Jla 4_3 

.jj_uala (jl <j£LaJ La-a <-Jj-C.I 4_£LIj <U 

4_j^_Ib_j Cj!jj_i-^j »LJ.»J I ijiiAJ i e. 1 jj-«-ui 1 i_j j ^**111 2^j Us #! |_}|ju_al 

aljl CjJl>.I <j_aj . 4_<ia_alJLJl 4 _ujSLJ 1 j-LaJI (J<^hm > n<?~t 4 _u^Ljj ^iLaaj 
^^jjJ.1 La !^1\ 4_uC jLo^Ju cdLafe j)l 1 I JlA ( jr 3 lLULHI »1 air, 

* jl iJ-A J-^ i\i 1 La-G 4 _lC j)j-3V Jj^jse-a (j-a 

<j-^ ‘ L)J^ Cr'i Cr^ S^ULfl 

tj^JsjuLG (JSLjo ciJLufc jp-Jj J i Wormhole j^aJ-ILs ^^lmj La 

(j <1^ r, j-A c-GHJij White Hole c-GlLll ^u-ul 4_jlc Jjit^j 

j A / tl J}L>* ^jlu L^jL^ * Singularity 3j_j_a_I,l 4lLu.<a L>. jl jj_<_uVi 
, ^^ia-al c-Gj JSLUa (jjSLII J£LluJ-(_£jj>. I 3j-o Jft-uTJ 

<j-uj t4_Lm_a Cjl^5e_a jyij La aJL-a IjJu>»jj j)l tj)Vi ciJJLaJI »1 air. JjLscjj 
J ui3 . Ig i? a 4Jiiia_La j>^£a LaJj L^jI OJLhiJ ‘G-jIjj! oL-cul qs>*} 
j_Lu L$_aJG j) I ^To. L^jIG_l£j j)_a <**> | ^Juj ^j_?c_Lll £ Lulu I ^^lju j) I 1jfcs^V 

^Jl_A (jLa 1 J_A £_aj * L^J 4-cvl i^ll 3jj>JLl jpG jj_a 4aLa Jl>-!j ^1 y. ». 
al a i r. ^ ^£lj Jl^j .4^LLaJI ^j-a 4JLfcjLa <U_a^ jJu-^G 4 ILaLJI tliljjljSJl 

*dil^_5E_a Ijj_LGj ^jl ^S!_a_j CjIjjI jSJi jj_a jj ciJLufc ^jl iLillaJi 

^^1 jj) U*m ^j- ^ -a- t -a »Lt_<Ja J-^V1 Lai t4ijL& Cji^se-a J^stla »Luia 
. Dwarf Galaxies Cjlj^?e_a 

jl 4_jaj^ CjLa_SjG_a iCjljjlj^LII Lt^j-C Lil ciJJi 4 _jI^-C Vj 

^j^?e_Lll ^1 t c7.it JljG Lt ^JI a ,>» A '• tl a al U, tl aJL^LuJL ( J^JL»_a jj 1 "tjufcj 
(jryj^la Juu (jy-^J LoJI J-^aj ^jJI jLlj>JI tillja t(djljjljSLII) 

J^Qii tGtJI L>JI CuiSjJ! cJJGJI »1 air. j_jL<jj .4_uj_GaJI CjIj_u_uJI 

&JJb Ju9j t3jajL>. Cjlj_?e_a CjLajG_a oljjl^SLIl dal^ l!il La_a 


2 ^ 




I flj'q jUiSUI j»JlS3 UK 4j! 3j£UII 

3j^>JU Sljj jjfj .3 j_jJL^s s-I^jj-u <_i^3K U3"- >. Cr 2Jj ^<u j_jla33 Ua 

IjIjKo ^3jjj i3j^»JU ^ys 4 jS,-, U 3 jUI jKjj jja JaL^II c . iS~t l I jjt> JUj 

diLljj^>JI j»lj_U_i^sV «L5 c_lj_K i&aliajl JjIU m Ujj^. U * i."iVI {ya 1 

<_1 3 ~r I 1 CjJljsJI (3-^1 (_J-S sLjsIjJ J ^ Ml I (JK.J3 (J-Aj (_UuLJJ 1 j L^UU 

^ySi JjtAILi Jjjjj Jjj-uI LKj 3U) jjl S.UUI! £>£1 J-il 

-(jVl (jUs. !_3j|j_j«j3 yjy.-(j\ji-a JLx. f_yi\ JjjjiVl i <3~itl Jj^aj ‘ bjjjc-o 

3jVj 4 jUf . f<u3j >. .3K j.a. VI (j_j£LII Cr^ < JyJL»- JSLi ^^3 3jLU J p. 1 <" 
. <tjLcu JpUJI VI Lkjjsl {ya jol*j V 3 JljJl>. 

>» 

<_jjjji!Li L^iaV-c-j idbjjjJI 3j^U! jKl j^ajj ^<uJl33 (j£Uj 

j-jj-ULtl Ijuk ULUJI f L»k (> 4 <Luj£J! JjLijVlj ^Ll^uJI 

.(51-JSui) 


^LtiaAJI Lai 4 <Cl<Ls JlIc jljJj (j_ojJI £)I i>>"l_t ijj£jj,l (JSUuJI (jj: 

udj^sfe T t- L a »j) Lai ( jr 3_s 1 JSLtiaj 

J^lo ^ jr Lc £j_uaJ! 4_Cj_<_u ^j_a JjSI aLufuVI Lai 45 4_>.j_i 

.^_<_ol^Jl I <—3 j) j'V'V 

4^l>. ju^. j-miii jimi j-jlL ^1 jJ^ji 

(M^La ^j->o 4x.j_a^e-a jl ^->o) SjL^lil s-LuI/Vl ,,. J!Uj 4111^11 ^ %k /11 
4-uvj_} 45_II uLaiv CjJl>J! Lsl Oj^duVI C_x2lll lJjJJj ^lll 

* ^ 1 _}^-<-U 1—Lt-U | JSL^uJ J)l^-t-U ^ 1 < » /» «t I l I 

JiUui JJLtai ^>>J! Lot ^At l ^ Ju^ Jliai J- lL 0^1 
tJJLIall Lu-^t^ I5lj . jj^oVl <_x2lll cJiJJ jJ jL^jl ^jJI *i^juA\ 

‘ ^ "«n 3 T^_a tiljL^ 4_ilj_i^ c_<_ 3IL!I l_Ll j $ j 

( jr ^ 4juisj^a La_AJ l>- 1 ^jlj^L>. jjl.3^1 Ju>*jJ t4-?e-3-caJI jL_uj ^ jr Ll 
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pl^gjwJI ■ 09SJI 


p-uujJ\ ( _ r -3 La-A> Jl->» I 1 .>sjI * LaI_A-> 4ilI^II ^JLLa-UI 

Q^SLII ^yjJu ^j- 4 £)L3p* ^1 ^ 1 «>» 3 1~ ^ /a JlAVJJ LqjL^J ^Jujj 

J-udjj 4jL£j jJu_j£ 3^1 ^-q-i-uJU < U-’LJl La! .^tla^VI ^j-a £jL». 

lLLaj^L J^j (jl lLL^Lqj 4j! t Luaj! ^Jj-a-lII I JlA £j_a ^ ^Ljj . ^u^SU! ^\_j La 
<3^ .(J^s-aLlII jj>.VI I JlA Laj£ q -a j^LcuJJ J^L>. 

Jljj_j (j! t*l j If. c-osej 4a V 4i_ptIL_u_A cLLvjJ! aJlA £)j£a < jj Ja V _}j-<-u! c_<-aj 
U j t45 (L-%. £J) <,M1 j^LuJ ^j>J.A-til t AJ) <<M1 <J ^ lC.^-uj 

J-aI »J) 11 (j-A ! ^-^1 < 111 (j' O-cJfeJ ^Jjilll C__<_AJ (j-A JlaJj 

. JLt-A 

< * < a~ 11 (j! t^i^_AJil ^_ya <Lu3^L^Th-uI ^SLaj j oI a 9-^jJlu Li-lLuk^ 

3 ^! J}L>* ^)_a ^Jl 3 ^k *jj i L-t-Snil 3 ^-^ (j - 4 3 V^ 

. Luj^ ( jr 3 AjLtfuJ tCjjL>Jl 


-^jl>. (JSLAj i^njtl <_jj2!JI a*1la t^uj.1^ rtl (^rCLxLJ! ( j- 4 jl>.| jusj 

4_A_4-£iJ CjIJ jIjSJL jiCu La-L£^-^)V 1 ^yTo. 4-LU3 1^0.3 1 ^jLa-» Ji^-5e_A L^jI ^C^-J 
(j! ciJJj jJu>Jl 4_jl_ia »1 1^1 j « tl t—Jj) a Ml jJaJj (j\ c-asea 3^J t4_t^L>. 

4_&Jj t La_i1c LcuJj j_Aj ajo-a Ja ^1 3xh L< - u Q^SLu ^j! La c_^aHJI 

. JuVl ^J1 J. A," < uj t-iUj Jl*_j 

I j-A (jl^ <Gl JlJ ^L^-Jij_<_4jV! < ^ 1 A*tit ^ylAjJI (j-uSLaJI-^^sa-uVl c-u-aHII La! 
AjL?c_a_j 1 Cali^J (j \^%J La JlIcj tljfl’iV a (jl£^ <USJj ijijSLII 3-L- 4 j1 JlJ J_la 

jj-usj L^j 4^j^JsD tU < ti ll (jl .AjjLAtA J-LC CjLsj! SjU! 4_La jTuJj 

£)Jj.iL9 ^_lC < L , ..jtl La ^jISLa La! i ( ojs*-uj ^J^>-) 4 « MM 4j! jjfc 

.Ajase-taJI ^ jr l- c ' ^>L>alj tAj^5e_jJI aJlA 4jJ)j 

J_Lia *(<—i) 4 _jjIj 5j05c_a dJLufc £)!j (l) 3ja>JL! ^j7h» ) La! Llosj^ ^1^ 

U-La J_£ jJtluJ 3jJ^il 3j^c ^1 Ly l>. ^5tla ^a>J.I ^jLjLa 

.(jlSUL ujL5t -y JSLtiiJI (j_A ^>>n 4 Lajj_L 

« •'!-»«<" JJ»Vl jjlj (_^ < c.fl~^ .| (t-j) Jjf 1 _LlII 

lUjj^ fjj* fljlxil ^».LiU JJ-jj 0^ Lit 6^-^ Cr^-tj • J j-“t s-^* 
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fLoajJI 


.53 I jui> ,.<»? i ii La La 

^j>j_o_l!I ' ^ ^'^'jj?' ^ QT , ***^ ^* ol 

^J-j eJaj ^yil 4_J J t^tr M I j_A J->*' ^ (l) 3jO>J.! 4ljVJ (j! 

♦U3^ er^ (j£^a (jr*J **Lte3 (<-l) 3jo>J.t ^ 

ul£U§ i*jJ» eW^f 5j-Si 

03^]! -^3^3 ^i ‘Lr^* -0 ^ L>“^ ol3-^^3 * i^Vb ^l^vi of us 

Ct ' L< 111 VI ) * a 4_J i^j ii j! ijjjijJI (j-oLj-iOfc^/! ^jLs tiUj^ .3^s i.o 11,1 

jJ$ dji^ll 1 jl_& (jl (J^JLII ^ 1 L>".,. \ jLjJl lc.J .aj-LA-i 4_i]LZLa d|jL>.| LfJLui 

. J I 3" mi M (^^3 dJL*_l JL9 Cj-jlLj i^jVI dJxeJ i_i!li jjlj i^^-dlll jjjj 

i(j-X^)ll LlII CT^-i -1 lS^I i ( J_ujIu_aja^ j-dL>.j j^jIoLa jj «-->" Jjjtxj 

(j-o I J j~j-j jjj^LII i^j-j La-£ LaLaJ i4_»jblLo dljLs.1 (jji Jjk LajL^j 

. 4_jl_uii3 ^ tV, ™ 4 j^1 4 < a 

(jlj tiJjjelb (jjSUI (^3 Lo JSj i4jj|jJI (jjSDI Juai*J (jjsjllj 

£-x «ul VI .tiLI 3 j iH ilLi Lfliatj La ji-iVhi (jl£ IlLa . IdL! Lil Id 

. Jj^jll «L^j-_>iJI ^jl_3 l- l ^ nj^SUI ^y3 ^l>.T 9-ij m i I 4 j m i /1 \-J ^laijVI 

l_^>j| i_aVL*Jlj (jiajVlj die. Lull Vlj dll aj i n->Jlj 3j jJIj Liljjeii (jLjjVLa 

(J^ . (dlj^>ill die,dL^jSLIIj dlj^>llj j»^jstlllj (j ii a miIIj j-aillj 

‘ U - a J-*^ O' -4 1 ^ “-4^CJ-“ f'- 5 '-"J aLudJLi tiJ yxCiA t-i^Zt 

jCj i n_i (_^jJI 4_Loj (j! (j i. a (J^isl iJ^j-aulj I aK i_^l “il-oj 

. A n 1" a «LLajl jl dl£jL>. £ya 11 4 i m ilLi ^ii 4_*_a 

LuV lilli i|^ mi ill (jjk jJI Igl3._i V J13 3 -jJj^. SjejIj j^aVl j3lj (_y3 tfjLA 
4 ' ! «'<~ Lx jJ3l (jlc. j>xVI JM ^y-lc LuLAj 4jLJ-lL^J 

j-uaILSj ^ ni i?jV 4 _cL*J! 4 j « mi (tl 4jjJsa-L!! (jI .3j-usLSJI l_u_ul^>. 

mi II 4-c.^_<_u ^_Lc. Jl-^-Tljlj j^jJI lll<5j3 4 _lud^VI LuIjl^I ^JLc 

I Jl^Jj . ^-IL*3 V Sj-Leolja 4j^Jaj cl<jISLI c.<Jjl^ jJj ;a^\l U. Jj 

^LaJul 3 -A l-x^IlII j-Al 3 -taJ LtLL>o (jy^ 1-t-A lJ-u.t-3 Lo 

(Jj_taJ!) 4 _*_jjV! jLjljVLj J_oLjuj LuV tc jl£U!3 ^j_o^JI 
^j-o 3j- l t5L!I (JuSLII jl 3 j^_j »1 <^3tl 4>5La LuV Liajlj *( 3 - 33^13 
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pl^gjwJI ■ Q9SJI 


jUI j_a Curvature \lxJt ^jLu ^jl^Jj) 3^UI 

« (y^'u.U ^yK] 1 1_dJ) < <i^» 11 £ li I 4_<_u Ltd Jl£^ 4 | L». ^lc. 
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pLoojJI 
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pl^gjwJI ■ ■gn’illg q^SJI 
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6oOj15 


jJs 4_j| ttfixJLiLlIj ^LUI ^ j^usjI 

:4_j_*_5eJJ! d <- IL> Jl £j-a £-J j_jI 4_j^L_j Ju>.jj 
. g 1 Jij-<-uJ 1 t-jjJaicIlj gLia_uJI 

2 *1 Ult SjJjII i 4j^LcL^j t Ladle. dj 
(^JL^IjJ! JaJLtla (jyic 4_ta^L^t_*U 4-jjJ)^ t.Ml 

i"\\ a , U tl JJLj d<g>u jL^jVI jj-c 4 -lLc. ^ ^jj jJI 

gLia_uJI Lcl .4 _c*.jL>JI 

L^ia 

(jl *-^*11 o-aj • j'-S- 2 u? uj J J j-P o? W 6^ («j 

joJL*J! (_y3 3jj»-j-a »1 i>h jtl 

^J_3C_L^ 4_J_li_jJlj 4 JLsL>. ^^.tl 

. (CjIjL_o1j) 4_JajL 
L^J 1 jl-gl Jj) mi tl c_j^li! Lol 
Bj- u aiJ 4 g < ntlj 1 1 Jl>. 4_4_3t_tla ^J-^- 3 jL$4jI (j- 4 <—LIo 
Jl_>- i d j Ju>tJ j I 1 -i1 t si^jaUJ 

^JLjJI (j-C .ij_<_uV! < * < <?"!! (JdJj 
CjJu>o _ij_<_uVt l-j-SJLII j-Iaj . 4 _l3 ^j7m» i ^ jJI 
j -fr ) g.^-uu ■ t«> ^ Q-l>. td_! Jl_>JI ^jL>- LaL^J 

t4jJitl 4_u!iL>JI 4_taju-bjj .}j_<_uVl dJilJt 

^jj?e_Lll f^yaJLi^ . LaL^J kdsd_>J I I c_j^j 3 J-ajaeTu 4_j I 
4 ♦ Mil 3 1 Uj LlSj LaJu>*I JlS 4_>.j_}jJJ 

Lloj l-(j_u£! 4jwL>.jJI t (o^0 4-d-L(-u 

La I ♦ ! Jl_A jS J_j 4_jj_£ 4_J_i I dJl_L^ * Jj_<_ul 
CjLLp^itJ J>j^se_a t4_ujSJI ^Lia-uJI 

- j tj t II^J 1 L^J ^jjj Uu I ^ L<u ^ I 4_u L<-uJV- 
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pl^gjwJI ■ 09 SJI 


V jl JlS a^_J| ^ 4 L^JaJ L_uJ l>- VI IjuI L$jI I Jui> (jyiat-a 

4_j_ 3 Loj I _LA 4-C.jj i^lXa LJ ^z-l^Zj J£ isr^3 * JuLlI ^ j 

. 4_jLcu (Jj*. J^JLkJI 4 gk<n ^LtoJJ jlj-4-ul ^j-a 

(I) £>£A1 j* 

4_j_j l_iia_t2_11 4 _i£^JJ Cj^_a 1979 (jl5l) O “J^ A ^ ^ '*'' * ^ <^s"i'i a ^3 

JlJLs jj,j"1 mi II ( j_c LfcjL^a 4 U^n <-jj^L» Voyager 1 «I j-sL^JJ» 
. 4 qU>Lll ^lCoX 1 ^^jlc. (j-c (Jj-c 172400) jILajJL^ 278,000 juu 
L^jL_uJlC. CjJlLIj lLILlA OJt-tiU JuJuUI ^LauIiVl J-o^j ^jil t",r 1 U" , ,,1 j 
J-L4-U3 Cxjl£ [&\ . . . 4_J Jsa_L3tJ Laj 4>jl-4^lj Lp" <* ^ I Mil JJ) 1 <-iiVT 

Jljl-JI (4x.LoJI 55,000) 4_cL<-oJI jl La 104600 4 -c.^_<-uj 

Sj-u-aj 4^t_ualj 4_t^ljJ»l 4 43 ^1 cJL-saj ( jy IlJ! Cxjl^ Jui^ 4 _l!I jL^Jll 

J-Lc. (>=■ (^i>djO J^aj ^ e^i 

4_lCj LujJ 3^_cLi Ll&I^SI^ LlA ‘ Lut» jj) >-^»11 cJJj SjufcLLa 

cj j 47 c, j 47 4 (J-j-jjj^) ^jLcL^u JjL£ Lai .«cjLi/LL]l ^j-c. Lj-uaj JJLLj <jI 
^ 1 . A 1 tl ^0 |^j3 I Jl_ 4& _}L5«_j)) ^o_j ‘" < 11 £j_a 4 ^_l3 4_jL_uJ 4-tTu-A jJI 

1 a c, 4 <? I ~ V a 4 47 l~V a aL^-t^j 4 47 1*<-V a g- L -a- t ^ lLILlA (jl ... JLLuJIj 

1 ♦ 1 <n ^TuHI j 4-uLc^iiJI 4 _i5jJ,I e-xJj-aJI JuuJI ^^yic * Loll I j-alu-ulj 

(j_a VLj_al Cj^La CjLaj) 1 ♦ U_j 4_jjj^_ji_a 4ljJ_a 4^.L_u (jrp^ljj 
L^iujiljj aLa-LJI J* nil 1 a (_^lj 4 -uIdjVI 4^j>«JLI ^ 1 njULUi.! < «r<tl 

. VIj)L. Cjl ^j-uj 

3jljJl£. LljJl ^ ^ L" 4>jLa^lj iSj"' ^‘tl (jl al a I ♦ II a L« Jjlj 

« I j_aLuJ,l)) 4-ul «>>dll 4 j5^J,I 4_Lvj ^jLu (jiaJU O-tio.I 4 » jl-» 11 ^£1 ^iUll d<->u (l) 

cLiLojlaJslj liilj ' 1 nif. ^jl_5JI LjJ ljvj .^jIuIoXI ^1 

4 , jufc ^X> ol ^ ^ JxLJ U J^l Ssj m L&JI £jJ*j V ^ l^UJI ulUL 

. u_)LjSJI (j-\_a (JT b 4_Lc. 4__il_SJjI ‘ ^ l_c_4 Lkj_tC.j CjU^LlXI 

(JjijLo) 19 JJ-C. ^<ul_j 4 I > a jj-C. 3 ( J_3eJJ,l \j-£b CjLa j) i t U ^ 9a ^jLi £j_u (j\ (j-stjj 

.(l979jliT 
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Outfit 


0jl_^j3Li ^ TuT u X I $.L^ -U-U I Juj .(jjlll cillli SjJulL* J^LLdj CjLxjJ tjj* 
(j_u_jJ jL-a-sVl J JlC. £)| $.LJaJI ■ tA,^. V . .aj* a gLn.u-4-cu 4^1 4ut£j 

4_*ujl CxjL^ Lcjjj ji mi f. 4 _j}Lj L^jJj (J-j- 3 ^j- 4 L*£ ji Mir, <^^1 

i (^-lLJL>- L ^llI ^_Aj) jl ^ °>V| oJ^Jb i ^ys> 4uuj I ^ 

. j~ > m j ILSj Jl_j_4jL>.j Wjjjli *jl 4 _j1jJL>J1 miU jL^Lj 

C-iLt-u JlC. £j| y j c . L£^£" 1-Aj 1 m C. I ^jlSLol Jo- y-<Ja^ 

^j-C. cjilnitj ciJJj Jj^£j IJu>* SjuL*_a jL^Vt <?ju4> £j| 4_ul 4uf$jJtl 

Q -A I JO- JJlC ^1 Jil^J-ul ^j_C jJuJ US’ C.ig O O ij yI(JI ^-*2 J>JLj £JLo tfji MlU 

jlcu-Jl^ ^jjuJj . 4_u_u Q^-lLq i_sVT 4_juj I (_£Jug ^ t-^>,,. tl ciJJju ciijLuil 

4 J Ml g Ml 1 1 4_Cj-$u>J.I J-c jo-T ^ ^j3 V Bj^LLb 4u3 £)£Jj JLo- 

4—JLlLq 4u^ul J CjLoLv L^j . t^ j -*m Sj-oS" 4i.o a?r La ^>_<20- L3~^$ 

^J-<-u^A-<.xi l_J&lJO- L$jl£j 4_*_OJJ-O Cj1_5JL>JI £JlA L_SlJO- jJUJJ j^jJJ SjOcILaj 
(j-4 4_jL_l LjJjl Ij, J Ml <?" Sj-jkLIaJI OJlA $1 gUll J. < tirtJJ . JLoJI ( J_X3 4jjulj 
^ t-s < ,m ^_5c.Ja ciJjuj ^LLajjl d ,>» A>11 £)j£u ^jl ^J-^ToJLl 

3jIj»oJI (j- 4 IjJL^ CjJlIj 3j — l - l£~ C-<_jL£^ ^LlajjVI 4 ^LLd (jIj j)~ < <mU$ 

4_jJLlLo cjLSJbw i _ r £ j_£jijl LaJlIc $.1X1 ,,,H ^U»j ^jJI ^lill 

uUAJ (jl C«l i J ,U! (j-^-Ij Jaj) Ml JlIc. CjjLSfcJ 1_4^) 

j-j_l^ Jl^ 3j!j-j>J! J t 3 i ,U! CjI 3i^v <L*_4 CjJl^j>oj 

.oJLa 

jjfcj miU (j- 4 Ljj*^ 4_j1j ^ jJI (^! jl umI^ j^* (jjXJ talj 

Q^SLa jTu-ti-Jl^ (JlLo 4 jI ^jl £j_u^JLj 
VjId 1 g♦ U3j j^ILj diStlz-uu ij£Jj (Jl^jjcUXI) $.1X1 ^j- 4 

^h-t-uj ^ylc d fl'tt "■ J JljJ ^ylli 1 ^3j 3 ^.tl JuJulII Lu^j-C.j 

. 4_u_u (j^iLc l_3J I ^Juuj V ^iii ^- 4£ - yj 

l^J^j LjjjjI ^ ^ 3l t jj ,s>\\ £jjq JljJulII Jl>> 1 «^tl 

IjlA J-«VI 4u-p» j>^J ««4-ul t^3ll 4 j^jJlI J 4 i < m fllu tiJIjuT 4-t-iIajJ 
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pl^gjudl ■ ■gn’illg QgSJI 


4_jujVI jLLsVI I jI ^ j^ju allil \ * JUJtl 

d , ,,^ . ^tl 7T\j\-j ^^'\j ^ ^tl | j_A JjJ £)l ^_Jsj 1 Ju9j ... ^jTlAJlI ^j-o L^j9 
(jl^-> 4 j jJj . .£jJu^aJl tUU-v-j CjLauajjJllj 4-^L>JI Jj^aJlj c_j 1 <>>gUj ^Ia 
jL£ 50 4-T<_A1L< J|j Lc JjaVl Jl>.1j 

J JlJLj 5l) 0J-&-C. 4_jl JlJV ijr J_C. (JjLJ 1 Jufcj (j-uLol 4lL}jJ 1 m <jl (jr Lc. . IjJ_c 
... (, U 3d 4_u_u (j^-iLa 100 j 10 1_4J LJjl 1 j_jJl5j Oja-C. »1 aUll 

(jI *L*JL*J1 jTn jj ..4_j ciJjLu pLLjjV 4JLk jLT^_ lC ^_La_<_aJI (j-ajij 

4 j 1 <1 f. (jL_j $; V J_A> .. 3JlJ Juiu 4j^ju 4jLc. 4_4^*L < nil 4_ajju 

L;T _b ^L»_tlu VI 4Jila_La (j_4 £_>L JljJlJL ^-C.L».tTul < * J ♦ ^ < ^j3 £ J_£> 4jjjuJ1 
C. '-l-^-t-u Jlj 3^ ... fi iLtiL Il) 4-LtTuJ JSLtTu Cr k- 4 <?m 1 0 .. ^ P-j u . 11 

_« Jalj 400,000 JjLjlj 1_4j l_L& ^1 » ^iVl SjJa 4_j_jLua_dJl 4 ^jJl! 

(JIj-Tl-lTu-^-U j—q-£i Li]La! j ^ 11 i \j 3 tL 4 _i£^JJ Cj jj& L^ 

£) I JJ) <-^ H ^ (>s <1 Ju9^ * * 1 ^ ^ ^."<1 ! jLj_sVl £jA ^.U-J 4_t^Jj) 

130 4_c.Lajj! ^_Lu 51 t_4jj-c JSLTuj LJ^L SIaa 4_£LIj ^ <?ll 1 _la 

* Ij-*-* j-L5^ 220 4 J^Lj l^p-a j-L^ 

4_5l>. 4_ul 4_t^^il CjL-uJlC >» 3j_aLL c_jj-C 1 JjlIj 

» L^ lt J 1 Jj-Sj jj) ts~i\\ ^jl (j LL *o 0-4 $ ♦ ♦ 4mi (^liJLl 

j-^JJl Lt^ ^jjJt-us ^ ojin 4_5L>J1 ^(jL 

CjL-tfDj^t^ ^1 i ii Mi^vll IjlA Lr^ ^LJ- H ^J)j5 * •«i__5l_>nJ I 

L_5-tili^l CjLSJL* 4j jJ ■ L (J^*j 3^ 0 1 ^JL^ JLd 0^3 JJ Sjj^Ua 

»1 1^1 <? tl £-aj ,4 l>°J"^JJ^ <—cSgS* (J^>* cjLSJL>^ 1977 ^l-£- 

J^Lae-<.uJ Lc^-JI VI Le_tjj-c ^J_l£ £ja Lj^jv I I I j 10 jul !^_u 

3jJ t? a ^Jl^. j, j mi <?" cl)^-^ 3 JljJl>J1 1 4_<_ulj^ . CjLoLv 

51 Lj mi ) 4_5_l£j L^jI llU 5 4_5l_>JI c-51 ,Vi< 1 ^y-L. 11 j 10 j-uj_u ^ 1»>■ A11 

4 o V i^t 11 »1j-4-j>J 1 4 t fljll 4-ul <^u?!l 4_t5jJ,l CjLjjJlC Cjj^us 1_4^ 

. d * in i tl J-l-u p ^^ 1 C. ^UJLjlII ^1 1 '• * pJ ^ 11 ^^_uHiXl 

ji^t cjVjLailll ( j-« cjLjjJjlXI ^jla cjjLi ^ ^lr, i, 5 mi^ 


25fl 





outfit 


400 ^ « I miU» 4_j£jJ,I <1>*j (jl a£.jJ • C-Jjv Lx-4 

4_uLtia^JI 4_£ jl\ (Jj) ts>$ Qj^JalLbj L^J {j VI ^V^_S Q^jJLo 
> in (jl ^ < mT.j i^Ujl I Jufc j->.ljl ^1 (2 ^9j j^LcttU) 4JLUI 

. I fljtl 4 ^Ll^VIj (l) ^3j L^Hiw| CjL qj)I♦ a JljJJjj 
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pljygjujJI ■ ■gn’illg 09SJI 
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•jrjU 


. 1939 14 ^ 4jjjjlI! j is> a 4JJJ)^ O-^J 3j_diLaJ! ^ jJj * 

j»Lc, ( _ r 3 3 j_&L2JLi 4-^LjjjjVI 4jusL>JI i^jja j.Ct i n^lll t_j-^ J '-*»*>- * 

.uljjU^jJI SJLuij j_l3sL>JI cJsjJI u^s 1972 
3 tj <~< ’" II 3_*jsL>JIj 3j_&L2JLi <l*jsL>JLi (J^ijjJlIILi j»L^ * 


31^i.nil «Lwi*JI cjVL3JL!j gUtl JLpJI (jja JljjjlII «l! j-*Su * 

. ‘ kse mil ( _ r 3 

j»jJL*J!j <_jIjVIj qj) i 3 tl 3 -jLc.jJ ( _ 7 l£.VI (jjiLjJ.! (^c. libjL>. «d jjllcs * 

<jlI^J jlj 4_ujjl!! 4_ilIL 1 _££.jj £ya <Lc.jJjl i3j-Al_3JLi 4_i£.l_4l3>.VI 


.4jj_Aj»jV! 3J«1!I Ig ~<1 ->-j5 ^uj (»l i>i3tl jjjs 3lj^.) 
dl^L>.jJI <_Ol (JJ3 (jLb£ 4j jJlO^SJ JjjJI t\« a j^L_u * 



(L-jjjjI L yJs llLI lIi j_ii>LJu) 

(LijjjI ^jJI 1_il I m i T I 


L+**£J1 

L**1jX13 

JU3.I ( _ylc. . J 
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